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IS0QUIN0LINE DERIVATIVES WITH ANGIOGENESIS INHIBITING ACTIVITY 

The invention relates to novel isoquinoline derivatives, to a process for their preparation, to 
their use in a method of treating the human or animal body, to their use, alone or in combi- 
nation with one or more other compounds having pharmaceutical activity, in the treatment of 
a disease (especially a proliferative disease), such as a tumour disease, to a method of 
treating such a disease in an animal, especially a human being, and to the use of such a 
compound, alone or in combination with one or more other compounds having pharmaceu- 
tical activity, in the preparation of a pharmaceutical composition (medicament) for the treat- 
ment especially of a proliferative disease, such as a tumour disease. 

Background to the invention 

Two processes, the de novo formation of vessels from differentiating endothelial cells or 
angioblasts in the developing embryo (vasculogenesis) and the budding of new capillary 
vessels from existing finished blood vessels (angiogenesis), are involved in the develop- 
ment of the vascular system of animal organs and tissues, as well as in transient phases of 
new vessel formation, for example in the female cycle, in pregnancy or in the healing of 
wounds. On the other hand, a number of diseases are known which are associated with 
deregulated angiogenesis, for example diseases caused by ocular neovascularisation, 
especially retinopathies (diabetic retinopathy, age-related macular degeneration); psoriasis; 
haemangioblastomas, such as "strawberry-marks* (= haemangioma); various inflammatory 
diseases, such as arthritis, especially rheumatoid arthritis, arterial atherosclerosis and 
atherosclerosis occurring after transplants, endometriosis or chronic asthma; and, espe- 
cially, tumour diseases (solid tumours, but also leukaemias and other liquid tumours, since 
many primitive blood cells and leukaemia cells express c-kit, KDR and flt-1). 

According to more recent experience, the angiogenic factor known as vascular endothelial 
growth factor = VEGF, and its cellular receptors, lies at the centre of the regulatory network 
which controls the growth and the differentiation of the blood vessel system and its parts, 
both during development of the embryo and during normal growth, and also in a large 
number of pathological abnormalities and diseases (see Breier, G., efa/., Trends in Cell 
Biology 6, 454-456 (1996) and references cited therein). 
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VEGF is a dimeric, disulfide-linked 46 kDa glycoprotein and is related to platelet-d rived 
growth factor (PDGF). It is secreted by normal cell lines and tumour cell lines, is an endo- 
thelial-cell-specific mitogen, has angiogenic activity in in vivoi st systems (e.g. rabbit cor- 
nea), has chemotactic activity on endothelial cells and monocytes, and induces plasmino- 
gen activators in endothelial cells, which are then involved in the proteolytic degradation of 
the extracellular matrix during the budding of capillaries. A number of isoforms of VEGF are 
known, which have comparable biological activities but can be differentiated in respect of 
the secreting cell types and the heparin bond. In addition, there are other members of the 
VEGF family, for example placenta growth factor (PIGF) and VEGF-C. 

VEGF receptors, by contrast, are transmembrane receptor tyrosine kinases and have an 
extracellular domain with seven immunoglobulin-Iike domains and an intracellular tyrosine 
kinase domain. Various types are known, for example VEGFR-1 ( VEGFR-2 and VEGFR-3. 

A large number of human tumours express VEGF and bring about large-scale induction of 
its receptors, for example gliomas or carcinomas. This has led to the hypothesis that the 
VEGF released by tumour cells might stimulate the growth of blood capillaries and the pro- 
liferation of tumour endothelium in a paracrine manner and thus, as a result of the improved 
blood supply, might accelerate tumour growth. The occurrence of cerebral oedemas in glio- 
ma patients might also be explained by increased VEGF expression. Direct proof of the role 
of VEGF as a tumour angiogenesis factor in vivo has in fact been provided by studies in 
which VEGF expression or VEGF activity was inhibited. That was achieved by means of 
antibodies which inhibit VEGF activity, by means of dominant-negative VEGFR-2 mutants, 
which inhibited signal transmission, or by the use of antisense VEGF-RNA techniques. All 
methods of treatment led to reduced tumour growth of glioma cell lines or other tumour cell 
lines in vivo as a consequence of inhibited tumour angiogenesis. 

Hypoxia, and also a large number of growth factors and cytokines, for example epidermal 
growth factor, transforming growth factor a, transforming growth factor p, interleukin 1 and 
interleukin 6, induce the expression of VEGF in cell tests. Angiogenesis is an essential pre- 
requisite for tumours that grow beyond a maximum diameter of approximately from 1 to 2 
mm, up to which size the supply of oxygen and nutrients to the tumour cells can still be ef- 
fected by diffusion. Accordingly, above a certain size, every tumour, regardless of its origin 
and its cause, is dependent on angiogenesis for its growth. 
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Three principal mechanisms are of importance for the effectiveness of angiogenesis inhibi- 
tors against tumours: 1) inhibition of the growth of vessels, especially capillaries, into tu- 
mours having an avascular basis, so that, as a result of a balance between apoptosis and 
proliferation, no net tumour growth occurs; 2) prevention of the flushing out of metastasis- 
forming tumour cells as a consequence of a deficient blood supply to the tumours; and 3) 
inhibition of the growth of endothelial cells, which would normally line the vessels, with the 
absence of their paracrine growth-stimulating action on the surrounding tissue. 

Summary of the invention 

Surprisingly, it has now been found that isoquinoline derivatives of formula I shown below 
have advantageous pharmacological properties and, for example, inhibit the activity of 
VEGF receptor tyrosine kinase and VEGF-dependent cell proliferation. Details of further 
activities are described below. 

The compounds of formula I permit, for example, an unexpected new method of treatment 
especially for diseases in the treatment of which, and also for the prophylaxis of which, 
inhibition of angiogenesis and/or of VEGF receptor tyrosine kinase exhibits advantageous 
effects. 

Complete description of the invention 

The invention relates to compounds of formula I 



X 


Y 


(I) 


wherein 


ris from 0 to 2; 
n is from 0 to 2; 
m is from 0 to 4; 
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A, B, D and E are each independently of the others N or CH, with the proviso that not more 
than two of those radicals are N; 


G is lower alkylene, -CHrO-, -CHj-S-, -CH r NH-, oxa (-O,), thia (-S-) or imino (-NH-), or is 
lower alkylene substituted by acyloxy or by hydroxy; 

Q is lower alkyl, especially methyl; 

R is H or lower alkyl; 

Xis imino, oxa or thia; 

Y is lower alkyl or, especially, aryl, heteroaryl or unsubstituted or substituted cycloalkyl; and 

2 is amino, mono- or di-substituted amino, halogen, alkyl, substituted alkyl, hydroxy, etheri- 
fied or esterified hydroxy, nitro, cyano, carboxy, esterified caitoxy, alkanoyl, carbamoyl, N- 
mono- or N,N-di-substituted carbamoyl, amidino, guanidino, mercapto. sulfo, phenylthio, 
phenyl-lower alkylthio, alkylphenylthio, phenylsulfinyl, phenyl-lower alkylsulfinyl, alkyl- 
phenylsulfinyl, phenylsulfonyl, phenyl-lower alkanesulfonyl or alkylphenylsulfonyl, and 
where, if more than one radical 2 is present (m ;> 2), the substituents 2 are identical or 
different; 

and wherein the bonds indicated by a wavy line are either single bonds or double bonds; 

or an N-oxide of the mentioned compound, wherein one or more N atoms carry an oxygen 
atom; 

or a salt thereof. 


Within the context of the present disclosure, the general terms used hereinbefore and 
hereinafter preferably have the following meanings, unless indicated otherwise: 

The term "lower" denotes a radical having up to and including a maximum of 7, especially 
up to and including a maximum of 4, carbon atoms, the radicals in question being un- 
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branched or branched one or more times. 

Any reference to compounds, salts and the like in the plural is always to be understood as 
including one compound, one salt or the like. 

Asymmetric carbon atoms which may be present (for example in compounds of formula I (or 
an N-oxide thereof) wherein n = 1 and R is lower alkyl) may have the (R) f (S) or (R F S) confi- 
guration, preferably the (R) or (S) configuration. Substituents at a double bond or a ring may 
be in the cis (= Z) or trans (= E) form. Accordingly, the present compounds may be in the 
form of isomeric mixtures or in the form of pure isomers, preferably in the form of an enan- 
tiomerically pure diastereoisomer. 

The index r is preferably 0 or 1 . 

The index n is preferably 0 or 1 , especially 0. It may also be 2. 
The index m is preferably 0, 1 or 2, especially 0, or also 1 . 

Of the ring members A, B, D and E in formula I, not more than two are to be N, and the 
other two are CH. Preferably, the ring members A, B, D and E are each CH. 

When G is a divalent group -CH 2 -0-, -CH 2 -S- or -CH 2 -NH-, the methylene group is in each 
case bonded to the ring having the ring members A, B, D and E, while the hetero atom (O, 
S or NH) is bonded to the phthalazine ring in formula I. 

Lower alkylene G may be branched or, preferably, unbranched and is especially branched 
or, preferably, unbranched C,-C 4 alkylene, especially methylene (-CH 2 -), ethylene 
(-CH 2 -CH 2 -), trimethylene (-CH 2 -CH r CHr) or tetramethylene (-CH^CHj-CHz-CHr). G is 
preferably methylene. 

Acyl in acyloxy-substituted lower alkylene is preferably arylcarbonyloxy, wherein aryl is as 
defined below, especially benzoyloxy or lower alkanoyloxy, more especially benzoyloxy; 
acyloxy-substituted lower alkylene is especially benzoyloxy-substituted methylene. 
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Hydroxy-substituted lower alkylene is preferably hydroxymethyl ne (-CH(OH)-). 

Either G as acyioxy- or hydroxy-substituted lower alkylene is preferred, or the other 
meanings of G mentioned hereinbefore and hereinafter are in each case especially 
preferred. 

Q is preferably bonded to A or to D (r = 1 ) or to both (r = 2), so that A and/or D in the case 
where Q is bonded are C(-Q). 

Lower alkyl is especially C,-C 4 alkyl, for example n-butyl, sec-butyl, tert-butyl, n-propyl, iso- 
propyl or, especially, methyl or also ethyl, or, in the case of Y as lower alkyl, it may be 
especially isopentyl. 

Aryl is preferably an aromatic radical having from 6 to 14 carbon atoms, especially phenyl, 
naphthyl, fluorenyl or phenanthrenyl, the mentioned radicals being unsubstituted or substi- 
tuted by one or more substituents, preferably up to three, especially one or two substi- 
tuents. especially selected from amino, mono- or di-substituted amino, halogen, alkyl, 
substituted alkyl, hydroxy, etherified or esterified hydroxy, nitro, cyano, carboxy, esterified 
carboxy, alkanoyl, carbamoyl, N-mono- or N,N-di-substituted carbamoyl, amidino, guani- 
dino, mercapto, sulfo, phenylthio, phenyHoweralkylthio, alkylphenylthio, phenylsulfinyl, 
phenyl-lower alkylsulfinyl, alkylphenylsulfinyl, phenylsulfonyl, phenyl-lower alkanesulfonyl, 
alkylphenylsulfonyl, lower alkenyl. such as ethenyl, phenyl, lower alkylthio, such as methyl- 
thio, lower alkanoyl, such as acetyl, lower alkylmercapto, such as methylmercapto (-S-CH 3 ), 
halo-lower alkylmercapto, such as trifluoromethylmercapto (-S-CF 3 ), lower alkanesulfonyl, 
halo-lower alkanesulfonyl, such as, especially, trifluoromethanesulfonyl, dihydroxybora 
(-B(OH) 2 ), heterocyclyl, and lower alkylenedioxy, such as methylenedioxy, bonded to 
adjacent carbon atoms of the ring; aryl is preferably phenyl that is unsubstituted or substi- 
tuted by one or two identical or different substituents from the group consisting of amino; 
lower alkanoylamino, especially acetylamino; halogen, especially fluorine, chlorine or 
bromine; lower alkyl, especially methyl, or also ethyl or propyl; halo-lower alkyl. especially 
trifluoromethyl; hydroxy; lower alkoxy, especially methoxy, or also ethoxy; phenyl-lower 
alkoxy, especially benzyloxy; and cyano, or (alternatively or additionally to the preceding 
group of substituents) C 8 -C 12 alkoxy, especially n-decyloxy, carbamoyl, lower alkylcarbamoyl, 


WO 00/09495 


-7- 


PCT/EP99/05781 


such as N-methyl- or N-tert-butyl-carfoamoyl, lower alkanoyl, such as acetyl, phenyloxy, 
halo-lower alkyloxy, such as trifluoromethoxy or 1 ,1 ,2,2-tetrafluoroethyloxy, lower 
alkoxycarbonyl, such as ethoxycarbonyl, lower alkylmercapto, such as methylmercapto, 
halo-lower alkylmercapto, such as trifluoromethylmercapto, hydroxy-lower alkyl, such as 
hydroxymethyl or 1-hydroxymethyI, lower alkanesulfonyl, such as methanesutfonyl, halo- 
lower alkanesulfonyl, such as trifluoromethanesulfonyl, phenylsulfonyl, dihydroxybora (- 
B(OH) 2 ), 2-methyl-pyrimidin-4-yl, oxazol-5-yl, 2-methyl-1 ,3-dioxolan-2-yl, 1 H-pyrazoi-3-yl, 1- 
methyl-pyrazol-3-yl, and lower alkylenedioxy, such as methylenedioxy, bonded to two 
adjacent carbon atoms, more especially by one or two identical or different substituents 
selected from lower alkyl, especially methyl, halogen, especially chlorine or bromine, and 
halo-lower alkyl, especially trifluoromethyl. Aryl is preferably also naphthyL 

Heteroaryl is preferably an unsaturated heterocyclic radical in the bonding ring and is 
preferably mono- or also bi- or tri-cyclic; wherein at least in the ring bonding to the radical of 
the molecule of formula I one or more, preferably from one to four, especially one or two, 
carbon atoms of a corresponding aryl radical have been replaced by a hetero atom selected 
from the group consisting of nitrogen, oxygen and sulfur, the bonding ring having preferably 
from 4 to 12, especially from 5 to 7, ring atoms; wherein heteroaryl is unsubstituted or 
substituted by one or more, especially from one to three, identical or different substituents 
from the group consisting of the substituents mentioned above as substituents of aryl; and 
is especially a heteroaryl radical selected from the group consisting of imidazolyl, thienyl, 
furyl, pyranyl, thianthrenyl, isobenzofuranyl, benzofuranyl, chromenyl, 2H-pyrrolyl, pyrrolyl, 
lower alkyl-substituted imidazolyl, benzimidazolyl, pyrazolyl, thiazolyl, isothiazolyl, oxazolyl, 
isoxazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl f 
indolyl, indazolyl, triazolyl, tetrazolyl, purinyl, 4H-quinolizinyl, isoquinolyl, quinolyl, phtha- 
lazinyl, naphthyridinyl, quinoxalyl, quinazolinyl, cinnolinyl, pteridinyl, carbazolyl, phenanth- 
ridinyl, acridinyl, perimidinyl, phenanthrolinyl and furazanyl, each of those radicals being 
bonded via a ring having at least one hetero atom to the radical of the molecule of formula I; 
pyridyl is especially preferred. Special preference is given also to indolyl that is substituted 
by halogen, especially by fluorine, especially 6-fluoroindol-3-yl. 

Mono- or di-substituted amino is especially amino that is substituted by one or two identical 
or different radicals from lower alkyl, such as methyl; hydroxy-lower alkyl, such as 2- 
hydroxyethyl; phenyl-lower alkyl; lower alkanoyl, such as acetyl; benzoyl; substituted 
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benzoyl, wherein the phenyl radical is unsubstituted or, especially, is substituted by one or 
more, preferably one or two, substituents selected from nitro and amino, or also from 
halogen, amino, N-lower alkylamino, N, N-di-low r alkylamino, hydroxy, cyano, carboxy, 
lower alkoxycarbonyl, lower alkanoyl and carbamoyl; and phenyl-lower alkoxycarbonyl 
wherein the phenyl radical is unsubstituted or, especially, is substituted by one or more, 
preferably one or two, substituents selected from nitro and amino, or also from halogen, 
amino, N-lower alkylamino, N,N-di-Iower alkylamino, hydroxy, cyano, carboxy, lower alkoxy- 
carbonyl, lower alkanoyl and carbamoyl; and is preferably N-lower alkylamino, such as N- 
methylamino, hydroxy-lower alkylamino, such as 2-hydroxyethylamino, phenyHower alkyl- 
amino, such as benzylamino, N,N-di-lower alkylamino, N-phenyl-lower alkyl-N-lower alkyl- 
amino, N,N-dHower alkylphenylamino, lower alkanoylamino, such as acetylamino, or a 
substituent selected from the group consisting of benzoylamino and phenyl-lower alkoxy- 
carbonylamino, wherein in each case the phenyl radical is unsubstituted or, especially, is 
substituted by nitro or amino, or also by halogen, amino, N-lower alkylamino, N,N-di-lower 
alkylamino, hydroxy, cyano, carboxy, lower alkoxycarbonyl, lower alkanoyl or by carbamoyl, 
or alternatively or additionally to the preceding group of radicals, by aminocarbonylamino. 

Halogen is especially fluorine, chlorine, bromine or iodine, more especially fluorine, chlorine 
or bromine. 

Alkyl has preferably up to a maximum of 12 carbon atoms and is especially lower alkyl, 
more especially methyl, or also ethyl, n-propyl, isopropyl or tert-butyl. 

Substituted alkyl is alkyl as last defined, especially lower alkyl, preferably methyl, which may 
contain one or more, especially up to three, substituents selected especially from the group 
consisting of halogen, especially fluorine, and also amino, N-lower alkylamino, N,N-di-Iower 
alkylamino, N-lower alkanoylamino, hydroxy, cyano, carboxy, lower alkoxycarbonyl and 
phenyl-lower alkoxycarbonyl. TrifluoromethyJ is especially preferred. 

Etherified hydroxy is especially Cs-Czoalkyloxy, such as n-decyloxy, lower alkoxy (preferred), 
such as methoxy, ethoxy, isopropyloxy or n-pentyloxy, phenyl-lower alkoxy, such as 
benzyloxy, or also phenyloxy, or, alternatively or additionally to the preceding group, Ca-CV 
alkyloxy, such as n-decyloxy, halo-lower alkoxy, such as trifluoromethyloxy or 1 ,1 ,2,2-tetra- 
fluoroethoxy. 
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Esterified hydroxy is specially lower alkanoyloxy, benzoyloxy, lower alkoxycarbonyloxy, 
such as tert-butoxycarbonyloxy. or phenyl-lower alkoxycarbonyloxy. such as benzyloxy- 
carbonyloxy. 

Esterif ied carboxy is especially lower alkoxycarbonyl, such as tert-butoxycarbonyl or ethoxy- 
carbonyl, phenyl-lower alkoxycarbonyl or phenyloxycarbonyl. 

Atkanoyl is especially alkyl-carbonyi, more especially lower alkanoyl. for example acetyl. 

N-Mono- or N.N^i-substituted carbamoyl is especially substituted at the terminal nitrogen 
by one or two substituents lower alkyl, phenyl-lower alkyl or hydroxy-lower alkyl. 

Alkylphenylthio is especially lower alkylphenylthio. 
AlkylphenylsuHinyl is especially lower alkylphenylsulfinyl. 
AlkylphenylsuHonyl is especially lower alkylphenylsulfonyl. 
Pyridyl Y is preferably 3- or 4-pyridyl. 

Unsubstituted or substituted cycloalkyl is preferably C 3 -Cecycloalkyl which is unsubstituted 
or is substituted in the same manner as aryl. especially as defined for phenyl. Preference is 
given to cyclohexyl. or also cyclopentyl or cyclopropyl. Preference is given also to 4-lower 
alkyl-cyclohexyl, such as 4-tert-butylcyclohexyl. 

Z is preferably amino, hydroxy-lower alkylamino, such as 2-hydroxyethylamino, lower alka- 
noylamino. such as acetylamino, nitrobenzoylamino. such as 3-nitrobenzoylamino. amino- 
benzoylamino, such as 4-aminobenzoylamino. phenyl-lower alkoxycarbonylamino. such as 
benzyloxycarbonylamino. or halogen, such as bromine; preferably only one substituent is 
present (m = 1). especially one of the last-mentioned substituents. especially halogen. Very 
special preference is given to a compound of formula I (or an N-oxide thereof) wherein Z Is 
not present (m = 0). 
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Heterocyciyl is especially a five- or six-membered heterocycle having 1 or 2 hetero atoms 
selected from the group consisting of nitrogen, oxygen and su!fur f which heterocycle may 
be unsaturated or fully or partially saturated, and is unsubstituted or substituted, especially 
by lower alkyl, such as methyl; preference is given to a radical selected from 2-methyl-pyri- 
midin-4-yl, oxazol-5-yl, 2-methyM ,3-dioxolan-2-yl, 1 H-pyrazol-3-yl and 1 -methyl-pyrazoi-3- 

yi. 

Aryl in the form of phenyl that is substituted by lower alkylenedioxy, such as methylene- 
dioxy, bonded to two adjacent carbon atoms is preferably 3,4-methylenedioxyphenyl. 

The bonds in formula I indicated by wavy lines are either single or double bonds. Preferably 
they are both simultaneously either single or double bonds. 

An N-oxide of a compound of formula I is preferably an N-oxide in which an isoquinoline 
ring nitrogen or a nitrogen in the ring having the ring members A, B, D and E carries an 
oxygen atom, or more than one of the mentioned nitrogen atoms carry an oxygen atom. 

Salts are especially the pharmaceutical^ acceptable salts of compounds of formula I (or an 
N-oxide thereof). 

Such salts are formed, for example, by compounds of formula I (or an N-oxide thereof) 
having a basic nitrogen atom as acid addition salts, preferably with organic or inorganic 
acids, especially the pharmaceutical^ acceptable salts. Suitable inorganic acids are, for ex- 
ample, hydrohalic acids, such as hydrochloric acid; sulfuric acid; or phosphoric acid. Suitab- 
le organic acids are, for example, carboxylic, phosphonic, sulfonic or sulfamic acids, for 
example acetic acid, propionic acid, octanoic acid, decanoic acid, dodecanoic acid, glycolic 
acid, lactic acid, 2-hydroxybutyric acid, gluconic acid, glucosemonocarboxylic acid, fumaric 
acid, succinic acid, adipic acid, pimelic acid, suberic acid, azelaic acid, malic acid, tartaric 
acid, citric acid, glucaric acid, galactaric acid, amino acids, such as glutamic acid, aspartic 
acid, N-methylglycine, acetylaminoacetic acid, N-acetylasparagine, N-acetylcysteine, pyru- 
vic acid, acetoacetic acid, phosphoserine, 2- or 3-gIycerophosphoric acid, maleic acid, hy- 
droxymaleic acid, methylmaleic acid, cyclohexanecarboxylic acid, benzoic acid, salicylic 
acid, 1- or 3-hydroxynaphthyl-2-carboxylic acid, 3,4,5-trimethoxybenzoic acid, 2-phenoxy- 
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benzoic acid, 2-acetoxybenzoic acid, 4-aminosalicylic acid, phthaiic acid, phenylacetic acid, 
glucuronic acid, galacturonic acid, methane- or ethane-sulfonic acid, 2-hydroxyethanesulfo- 
nic acid, ethane-1 ,2-disulfonic acid, benzenesulfonic acid, 2-naphthalenesulfonic acid, 1,5- 
naphthalenedisulfonic acid, N-cyclohexylsulfamic acid, N-methyl-, N-ethyl- or N-propyl-sulf- 
amic acid, or other organic protonic acids, such as ascorbic acid. 

When negatively charged radicals, such as cartooxy or sulfo, are present, salts with bases 
can also be formed, for example metal or ammonium salts, such as alkali metal or alkaline 
earth metal salts, for example sodium, potassium, magnesium or calcium salts, or ammo- 
nium salts with ammonia or suitable organic amines, such as tertiary monoamines, for 
example triethylamine or tri(2-hydroxyethyl)amine, or heterocyclic bases, for example N- 
ethylpiperidine or N,N -dimethyl-piperazine. 

When a basic group and an acid group are present in the same molecule, a compound of 
formula I (or an N-oxide thereof) can also form internal salts. 

For isolation or purification it is also possible to use pharmaceutical^ unacceptable salts, for 
example picrates or perchlorates. Only the pharmaceutical^ acceptable salts or the free 
compounds (optionally in the form of pharmaceutical compositions) are used therapeutical- 
ly, and those are therefore preferred. 

In view of the close relationship between the novel compounds in free form and in the form 
of their salts, including also those salts which can be used as intermediates, for example in 
the purification of the novel compounds or for their identification, hereinbefore and herein- 
after any reference to the free compounds is also to be understood as including the corres- 
ponding salts, as appropriate and expedient. 

The compounds of formula I (or N-oxides thereof) have valuable pharmacological proper- 
ties, as described at the beginning and hereinbelow. 

The effectiveness of the compounds according to the invention as inhibitors of VEGF recep- 
tor tyrosine kinase activity can be demonstrated as follows: 
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Test for activity against VEGF receptor tyrosine kinase activity: The test is carried out using 
Flt-1 VEGF receptor tyrosine kinase. In detail, the procedure is as follows: 30 \i\ of kinase 
solution (10 ng of the kinase domain of Flt-1 f Shibuya etal. t Oncogene 5, 519-524 (1990)) 
in 20 mM TrisHCI pH 7.6 f 3 mM manganese dichloride (MnCI 2 ), 3 mM magnesium chloride 
(MgCI 2 ) and 3 \ig/m\ of poly(Glu f Tyr) 4:1 (Sigma, Buchs, Switzerland), 8 jiM [^PJ-ATP 
(0.2 ^Ci/batch), 1 % dimethyl sulfoxide and from 0 to 50 pM of the test compound are incu- 
bated together for 15 minutes at room temperature. The reaction is then terminated by addi- 
tion of 10 pJ of 0.25M ethylenediamine tetraacetate (EDTA) pH 7. An aliquot of 20 |il is con- 
nected to a vacuum using a multichannel dispenser (LAB SYSTEMS, USA) on a PVDF (= 
polyvinyl difluoride) Immobilon P membrane (Miliipore, USA), which is incorporated in a Mil- 
lipore Microtiter filter manifold. When the liquid has been removed completely, the membra- 
ne is incubated 4 times in succession, in each case for 10 minutes, with shaking, in a 
washing bath containing 0.5 % phosphoric acid (H 3 P0 4 ), and is then mounted in a Hewlett 
Packard TopCount Manifold and, after addition of 10 jil of Microscint® (P-scintillation counter 
fluid; Packard, USA), the radioactivity is measured. IC50 values are determined by linear re- 
gression analysis of the percentage values for the inhibition of each compound at three 
concentrations (generally 0.01, 0.1 and 1 \iM). The inhibition values (IC50 with half-maximum 
inhibition as compared with a control without inhibitor of formula I) found are especially in 
the range of from 10 nmol/litre to 100 jimol/litre, more especially from 20 to 2000 nmol/litre. 

By analogy, IC50 inhibition values in the same range can be confirmed using KDR tyrosine 
receptor kinase. 

The effectiveness of the compounds according to the invention against tumours can be de- 
monstrated in vivo as follows: 

In vivo effectiveness in the nude mouse xenotransplantate model: Female Balb/c nude mice 
(8-12 weeks old, e.g. Novartis Animal Farm, Sisseln, Switzerland) are allowed free access 
to water and food, under sterile conditions. Tumours are induced in carrier mice by the sub- 
cutaneous injection of tumour cells (human epithelial tumour cell line A-431; American Type 
Culture Collection (ATCC), Rockville, MD., USA, Catalogue Number ATCC CRL 1555; cell 
line derived from an 85-year-old woman; epidermoid carcinoma cell line). The resulting tu- 
mours are in turn subjected to at least three transplantations before the beginning of the 
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tr atment. Tumour fragments (about 25 mg) are implanted subcutaneously into the left flank 
of the animals by means of a 13-gauge Trocar needle under F rene® anaesthesia (Abbott, 
Switzerland). Treatment with the respective test compound is begun as soon as the tumour 
has reached a mean tumour volume of 100 mm 3 . Tumour growth is measured two to three 
times weekly, In each case 24 hours after the last treatment, by measuring the length of two 
perpendicular axes. The tumour volumes are calculated by published methods (see Evans 
ef a/., Brit. J. Cancer 45, 466-468 (1982)). The effectiveness against tumours is calculated 
as the mean increase in tumour volume in the treated animals, divided by the mean in- 
crease in tumour volume in untreated animals (control), and, after multiplication by 100, is 
given as T/C %. Tumour regression (given in %) is given as the smallest mean tumour vo- 
lume based on the mean tumour volume at the beginning of the treatment The test com- 
pounds are administered daily by gavage. 

Instead of tumour cell line A-431 , other tumour cell lines may also be used analogously, for 
example 

- the MCF-7 breast adenocarcinoma cell line (ATCC No. HTB 22; see also J. Natl. Cancer 
Inst. (Bethesda) 51 , 1 409-1 41 6 (1 973)); 

- the MDA-MB 468 breast adenocarcinoma cell line (ATCC No. HTB 132; see also In Vitro 
14,911-915(1978)); 

- the MDA-MB 231 breast adenocarcinoma cell line (ATCC No. HTB 26; see also J. Natl. 
Cancer Inst. (Bethesda) 53, 661-674 (1974)); 

- the Colo 205 colon carcinoma cell line (ATCC No. CCL 222; see also Cancer Res. 38, 
1345-1355(1978)); 

- the HCT 1 1 6 colon carcinoma cell line (ATCC No. CCL 247); see also Cancer Res. 41, 
1751-1756 (1981)); 

- the DU145 prostate carcinoma cell line DU 145 (ATCC No. HTB 81; see also Cancer Res. 
37, 4049-4058 (1978)); and 

- the PC-3 prostate carcinoma cell line PC-3 (ATCC No. CRL 1435; see also Cancer Res. 
40, 524-534 (1980)). 

The inhibition of VEGF-induced KDR autophosphorylation can be verified by means of a 
further in vitro cell experiment: Transfixed CHO cells, which permanently express human 
VEGF receptor (KDR), are sown in culture medium (containing 10 % foetal calf serum (= 
FCS)) in 6-well cell culture plates and are incubated at 37°C, 5 % C0 2 , until they are about 
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80 % confluent. The test compounds are then diluted in cultur medium (without FCS, with 
0.1 % bovine serum albumin = BSA) and, after removal of the FCS-containing medium, are 
added to the cells (controls receive medium without test compounds). After two hours' incu- 
bation at 37°C f recombinant VEGF is added thereto; the final concentration of VEGF is 20 
ng/ml. After a further 5 minutes' incubation at 37°C t the cells are washed twice with ice-cold 
PBS (phosphate-buffered physiological saline) and immediately lysed in 100 fjj of lysis buf- 
fer per well. After 15 minutes at 4°C (on ice), the lysates are centrifuged in order to remove 
the cell nuclei, and the protein concentrations of the supematants are determined by means 
of a commercial protein assay (BIORAD). The lysates can then either be used further imme- 
diately or, if required, stored at -20°C. 

In order to determine KDR phosphorylation, a "sandwich ELISA" is carried out: A monoclo- 
nal antibody to KDR (for example Mab 1495.12.14; prepared by H. Towbin) is immobilised 
on black ELISA plates (OptiPlate™ HTRF-96 from Packard) (50 ng per well in 50 til of PBS). 
The plates are then washed and any free protein binding sites that remain are saturated 
with 1 % BSA in PBS. The cell lysates (20 \ig of protein per well) are then incubated over- 
night at 4°C together with an anti-phosphotyrosine antibody, which is coupled to alkaline 
phosphatase (PY20:AP from Transduction Laboratories). Binding of the anti-phosphotyro- 
sine antibody is then demonstrated using a luminescent AP substrate (CDP-Star Ready to 
use with Emerald II; TROPIX). The luminescence is measured in a Packard Top Count Mi- 
croplate Scintillation Counter (Top Count). The difference between the signal from the posi- 
tive control (stimulated with VEGF) and that from the negative control (not stimulated with 
VEGF) corresponds to the VEGF-induced KDR phosphorylation (= 100 %). The activity of 
the substances tested is calculated as the % inhibition of VEGF-induced KDR phosphory- 
lation, the concentration of a substance that brings about half-maximum inhibition being 
designated the ED50 (effective dose for 50 % inhibition). Compounds of formula I exhibit 
ED50 values in the range of from 5 nM to 10 fiM, especially from 5 nM to 500 nM. 

The compounds of formula I, or their N-oxides, also inhibit to varying degrees other tyrosine 
kinases involved in signal transmission, which are mediated by trophic factors, for example 
abl kinase, kinases from the family of the src kinases, especially c-src kinase, Ick, fyn; also 
kinases of the EGF family, for example c-erbB2 kinase (HER-2), c-erbB3 kinase, c-erbB4 
kinase; the insulin-like growth factor receptor kinase (IGF-1 kinase), especially members of 
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cancer), or cancer of the prostate, Kaposi's sarcoma, CNS tumors, ovarian cancer, renal 
tumors or VHL tumors. A compound of formula I (or an N-oxide thereof) inhibits the growth 
of tumours and is especially suited to preventing the metastatic spread of tu-mours and the 
growth of micrometastases. Furthermore, they can be used in the treatment of inflammatory 
rheumatic or rheumatoid diseases and/or pain, more especially for the treatment of 
rheumatoid arthritis and/or pain. 

The compounds of formula I in some cases also inhibit angiogenesis processes induced by 
other growth factors (for example PDGF or bFQF). Furthermore, they inhibit other kinases 
with varying degrees of potency, and can therefore be of use in controlling other syn- 
dromes. 

A compound of formula I (or an N-oxide thereof) can be administered on its own or in com- 
bination with one or more other therapeutic agents, it being possible for fixed combinations 
to be used or for a compound according to the invention and one or more other therapeutic 
agents to be administered in a staggered manner over time or independently of one 
another, or the combined administration of fixed combinations and of one or more other the- 
rapeutic agents is possible. In particular, the administration of a compound of formula ! (or '< 
an N-oxide thereof) for tumour treatment can be carried out, alongside or additionally, in 
combination with chemotherapy (combination with one or more other chemotherapeutic 
agents, especially cytostatics, or with hormones or compounds having a hormone-like acti- 
vity), radiotherapy, immunotherapy, surgical treatment or combinations thereof. Long-term 
therapy is also possible, as is adjuvant therapy in conjunction with other treatment methods, 
such as those just mentioned. Treatment to maintain the status of a patient after tumour re- 
mission or even chemopreventive treatment, for example in the case of at-risk patients, is 
also possible. 

There come into consideration as therapeutic agents with which the compounds according 
to the invention can be combined especially one or more antiproliferative, cytostatic or cyto- 
toxic compounds, for example one or more chemotherapeutic agents selected from the 
group comprising an inhibitor of polyamine biosynthesis, an inhibitor of a protein kinase, 
especially of a serine/threonine protein kinase, such as protein kinase C, or of a tyrosine 
protein kinase, such as epidermal growth factor receptor protein tyrosine kinase, a cytokine, 
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a negative growth regulator, such as TGF-p or IFN-ji, an aromatase inhibitor, hormones or 
hormone analogues, and a conventional cytostatic agent 

Compounds according to the invention are intended not only for the (prophylactic and, pre- 
ferably, therapeutic) treatment of human beings, but also for the treatment of other warm- 
blooded animals, for example of commercially useful animals, for example rodents, such as 
mice, rabbits or rats, or guinea pigs. They can also be used as standard compounds in the 
above-mentioned test systems, in order to permit comparison with other compounds. 

In general, the invention relates also to the use of a compound of formula I (or an N-oxide 
thereof) in inhibiting VEGF-R tyrosine kinase activity. 

A compound of formula I (or an N-oxide thereof) can also be used for diagnostic purposes, 
for example in order that tumours obtained from warm-blooded animals, especially human 
beings, as the original °host° and transplanted into mice, can be examined for reduced 
growth after addition of such a compound, in order thus to study their sensitivity to the com- 
pound in question, thus allowing possible methods of treatment for a tumour disease in the 
original host to be ascertained and determined better. 

In the groups of preferred compounds of formula I mentioned below, definitions of substitu- 
ents from the above-mentioned general definitions may expediently be used, for example in 
order to replace more general definitions by definitions that are more specific or, especially, 
by definitions that are indicated as being preferred; preference is in each case given to the 
definitions indicated above as being preferred or mentioned by way of example. 

Preference is given to a compound of formula I wherein 

r is from 0 to 2, preferably 0; 
nisOorl; 

m is 1 or, especially, 0; 

A, B, D and E are each CH, or A, D and E are each CH and B is N; 
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G is lower alkylene, specially methylene or ethylene (-CH 2 -CH 2 -), -CHrNH-, -CH 2 -0-, 
hydroxymethylene or benzoyloxy-methylene; 

Q is methyl which is bonded to A, to D or to A and D; 

R is H or lower alkyl, especially H or methyl; 

X is imino, oxa or thia; 

Y is phenyl that is unsubstituted or substituted by one or two identical or different substi- 
tuents selected from the group consisting of amino; lower alkanoylamino, especially acetyl- 
amino; halogen, especially fluorine, chlorine or bromine; lower alkyl, especially methyl, or 
also ethyl or propyl; halo-lower alkyl, especially trif luoromethyl; hydroxy; lower alkoxy, espe- 
cially methoxy, or also ethoxy; phenyl-lower alkoxy, especially benzyloxy; and cyano, or 
(alternatively or additionally to the preceding group of substituents) lower alkenyl, such as 
ethenyl, C 8 -C 12 alkoxy, especially n-decyloxy, lower alkoxycarbonyl, such as tert-butoxy- 
carbonyl, carbamoyl, lower alkylcarbamoyl, such as N-methyl- or N-tert-butyl-carbamoyl, 
lower alkanoyl, such as acetyl, phenyloxy, halo-lower alkyloxy, such as trifluoromethoxy or 
1,1,2,2-tetrafluoroethyloxy, lower alkoxycarbonyl, such as ethoxycarbonyl, lower alkyl- 
mercapto, such as methylmercapto, halo-lower alkylmercapto, such as trifluoromethylmer- 
capto, hydroxy-lower alkyl, such as hydroxymethyl or 1-hydroxymethyl, lower alkanesul- 
fonyl, such as methanesulfonyl, halo-lower alkanesulfonyl, such as trifluoromethanesulfonyl, 
phenylsulfonyl, dihydroxybora (-B(OH) 2 ) f 2-methyl-pyrimidin-4-yl f oxazol-5-yl, 2-methyl-1 ,3- 
dioxolan-2-yl, 1 H-pyrazol-3-yl, 1-methyl-pyrazol-3-yl, and lower alkylenedioxy, such as 
methylenedioxy, bonded to two adjacent carbon atoms, especially by one or two substi- 
tuents selected from halogen, such as chlorine or bromine, lower alkyl, such as methyl, and 
halo-lower alkyl, such as trif luoromethyl; or Y is pyridyl, especially 3-pyridyl; Y is especially 
phenyl, 2-, 3- or 4-aminophenyl, 2-, 3- or 4-acetylaminophenyI, 2-, 3- or 4-fluorophenyl, 2-, 
3- or 4-chlorophenyl, 2-, 3- or 4-bromophenyl, 2,3-, 2,4-, 2,5- or 3,4-dichlorophenyl, chloro- 
fluoro-phenyl, such as 3-chloro-4-fluoro-phenyl, or also 4-chloro-2-fluoroanilino, 2-, 3- or 4- 
methylphenyl, 2-, 3- or 4-ethylphenyl, 2-, 3- or 4-propylphenyl, methyl-fluoro-phenyl, such as 

3- f luoro-4-methylphenyl, 2-, 3- or 4-trifluoromethylphenyl, 2-, 3- or 4-hydroxyphenyl, 2-, 3- or 

4- methoxyphenyl, 2-, 3- or 4-ethoxyphenyl, methoxy-chloro-phenyl, such as 3-chioro-4- 
methoxycarbonyl, 2-, 3- or 4-benzyloxyphenyl, 2-, 3- or 4-cyanophenyl, or also 2-, 3- or 4- 
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r is 0; 
n is 0; 
m is 0; 

A, B, D and E are each CH; 

G is lower alkylene. especially methylene; 


X is imino; 

ents selected from the group cons,st.ng ol halogen, esp 


WO 00/09495 


-20- 


PCT/EP99/05781 


chlorine or bromine; lower alkyl, especially methyl; and hailo-lower alkyl, especially trifiuoro- 
methyl; especially 4-chiorophenyl, 2-, 3- or 4-methylphenyl, 4-c*loro-5-trifluoromethylphenyl, 
3-bromo-5-trifluoromethylphenyl, or more especially 3,5-dimethylphenyl; or also 4«methyl-3- 
iodophenyl, 3,4-bis(trifIuoromethyl)phenyl or 3-bromo-4-ethyl-phenyI; and 

the bonds indicated by a wavy line are double bonds; 

or a salt thereof. 

Special preference is given also to a compound of formula I wherein 
r is 0; 

n is from 0 to 2; 
m is 0; 

A, B, D and E are each CH; 
G is methylene; 
Ris H; 

X is imino (NH); and 

Y is phenyl that is unsubstituted or substituted by halogen, especially chlorine, or by lower 
alkoxy, especially methoxy, such as 4-chlorophenyl or 4-methoxyphenyl; naphthyl; cyclo- 
hexyl that is unsubstituted or substituted by lower alkyl, especially by tert-butyl, such as 4- 
tert-butyl-cyclohexyl; indolyl that is unsubstituted or substituted by halogen, especially by 
fluorine, especially 6-fluoroindol-3-yl; or lower alkyl, especially isopentyl; 
or a salt thereof where a salt-forming group is present. 

Special preference is given to a compound of formula I, especially of formula !A, as mentio- 
ned below in the Examples, especially in Examples 1 to 5, or a pharmaceutical^ acceptable 
salt thereof, especially to a compound mentioned specifically in the Examples or its salt. 

Special preference is given also to all compounds of formula I having an IC50 of less than 
1 pM in Example 80. 

Special preference is given also to a compound selected from the compounds mentioned in 
Examples 8, 17, 42, 45, 46, 47, 58, 60, 62, 68, 69, 70, 87, 100, 111, 112, 113, 115, 116, 
117, 118 and 132, or a salt thereof. 
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Detailed description of the process variants: 

In the following, more detailed description of the preparation process, r, n, m, A, B, D, E, G, 
Q f R, X, Y and Z and the bonds indicated by a wavy line are as defined for compounds of 
formula I, unless indicated otherwise. 

Process a) 

In the compound of formula II, a nucleofugal leaving group L is especially halogen, more 
especially bromine, iodine or, very especially, chlorine. 

The reaction between the compound of formula II and the compound of formula III takes 
place in suitable inert polar solvents, especially alcohols, for example lower alkanols, such 
as methanol, propanol or, especially, ethanol or n-butanol, or it takes place In a melt without 
the addition of a solvent, especially when one of the reactants is in liquid form. The reaction 
takes place at elevated temperatures, preferably from approximately 60°C to reflux tempe- 
rature, for example under reflux conditions or at a temperature of from approximately 90 to 
approximately 1 10°C. The compound of formula III can also be used in the form of a salt, 
for example in the form of an acid addition salt with a strong acid, such as a hydrogen hali- 
de, for example in the form of the hydrochloride salt, or the corresponding acid, for example 
hydrochloric acid, can be added in a suitable solvent, for example an ether, such as 
dioxane. 

Where one or more other functional groups, for example carboxy, hydroxy, amino or mer- 
capto, in a compound of formula II and/or III are present in protected form or must be pre- 
sent in protected form because they are not to take part in the reaction, the protecting 
groups are groups which are customarily used in the synthesis of peptide compounds, but 
also in the synthesis of cephalosporins and penicillins as well as of nucleic acid derivatives 
and sugars. The protecting groups may already be present in the precursors and are to pro- 
tect the functional groups in question against undesired secondary reactions, such as acyla- 
tions, etherifications, esterifications, oxidations, solvolysis and the like. The protecting 
groups for functional groups in starting materials whose reaction is to be avoided, especially 
carboxy, amino, hydroxy and mercapto groups, include especially those protecting groups 
(conventional protecting groups) which are customarily used in the synthesis of peptide 
compounds, cephalosporins, penicillins or nucleic acid d rivatives and sugars. The protec- 
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ting groups may already be present in th precursors and are to protect the functional 
groups in question against undesired secondary reactions, such as acyiations, etherifica- 
tions, esterifications, oxidations, solvolysis, etc.. In some cases the pr tecting groups can 
cause the reactions to proceed selectively, for example stereoselective^. It is a characteris- 
tic of protecting groups that they can be removed easily, that is to say without undesired se- 
condary reactions, for example by solvolysis, by reduction, by photolysis or enzymatically, 
for example also under conditions analogous to physiological conditions, and that they are 
not present in the end products. The person skilled in the art will know or can readily find 
out which protecting groups are suitable in the reactions mentioned hereinbefore and 
hereinafter. 

The protection of functional groups by means of such protecting groups, the protecting 
groups themselves, and reactions for their removal are described, for example, in standard 
works such as J. F. W. McOmie, "Protective Groups in Organic Chemistry 0 , Plenum Press, 
London and New York 1973, in Th. W. Greene, Protective Groups in Organic Synthesis", 
Wiley, New York 1981, in The Peptides 0 ; Volume 3 (E. Gross and J. Meienhofer, eds.), 
Academic Press, London and New York 1981 , in "Methoden der organischen Chemie 0 , 
Houben Weyl, 4th edition, Volume 15/i, Georg Thieme Verlag, Stuttgart 1974, in H.-D. 
Jakubke and H. Jescheit, "Aminosauren, Peptide, Proteine", Verlag Chemie, Weinheim, 
Deerfield Beach and Basle 1982, and in Jochen Lehmann, "Chemie der Kohlenhydrate: 
Monosaccharide und Derivate\ Georg Thieme Verlag, Stuttgart 1974. 

Protecting groups mentioned in the Examples are preferably introduced and, if required, 
removed analogously to the mentioned methods. 

Additional process steps 

In the additional process steps, which are carried out if desired, functional groups in the 
starting compounds that are not to take part in the reaction may be present in unprotected 
form or in protected form, for example protected by one or more of the protecting groups 
mentioned above under process a). All or some of the protecting groups are then removed 
by one of the methods mentioned under process a). 

Salts of compounds of formula I (or an N-oxide thereof) having a salt-forming group can be 
prepared in a manner known perse. For example, acid addition salts of compounds of for- 
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mula I or their N-oxides can be obtained, for example, by treatment with an acid or a suit- 
able anion xchange reagent. It is also possible to convert salts having two acid molecules 
(for xampl a dihalide of a compound of formula I (or of an N-oxide thereof)) into salts 
having one acid molecule per compound of formula I (or N-oxide thereof) (for example into 
a monohalide); that can be achieved, for example, by heating to the molten state or, for 
example, by heating in solid form under a high vacuum at elevated temperature, for ex- 
ample from 130 to 170°C, one molecule of the acid being expelled per molecule of a com- 
pound of formula I (or of an N-oxide thereof). 

Salts can be converted into the free compounds in customary manner, for example by 
treatment with a suitable basic agent, for example with alkali metal carbonates, hydrogen 
carbonates or hydroxides, for example potassium carbonate or sodium hydroxide. 

Stereoisomeric mixtures, for example mixtures of diastereoisomers, can be separated into 
the corresponding isomers in a manner known perse by means of suitable separating pro- 
cedures. For example, diastereoisomeric mixtures can be separated into the individual 
diastereoisomers by fractional crystallisation, chromatography, solvent partitioning and the 
like. The separation may be carried out either at the stage of one of the starting materials or 
in the case of the compounds of formula I themselves. Enantiomers can be separated by 
formation of diastereoisomeric salts, for example by salt formation with an enantiomerically 
pure chiral acid, or by chromatographic methods, for example by chromatography, e.g. 
HPLC, on chromatographic carrier materials with chiral ligands. 

A compound of formula I can be converted into a corresponding N-oxide. The reaction is 
earned out with a suitable oxidising agent, preferably a peroxide, for example m-chloroper- 
benzoic acid, in a suitable solvent, for example a halogenated hydrocarbon, such as chloro- 
form or methylene chloride, or in a lower alkanecarboxylic acid, such as acetic acid, prefer- 
ably at a temperature of from 0°C to the boiling temperature of the reaction mixture, espe- 
cially approximately room temperature. 

A compound of formula I (or an N-oxide thereof) wherein 2 is lower alkanoylamino can be 
hydrolysed to the corresponding amino compound (Z = amino), for example by hydrolysis 
with an inorganic acid, especially hydrochloric acid (HCI), in aqueous solution, it being pos- 
sible to add further solvents, preferably at elevated temperature, for example under reflux. 
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A compound of formula I (or an N-oxide thereof) wherein Z is amino substituted by one or 
two identical or different radicals selected from lower alkyl, hydroxy-Iower alkyl and phenyl- 
lower alkyl can be converted into the compound that is correspondingly substituted at the 
amino group, for example, by reaction with a lower alkyl halide, a hydroxy-Iower alkyl halide, 
which is hydroxy-protected if necessaiy (see process a)), or a phenyl-lower alkyl halide 
under reaction conditions analogous to those mentioned under process a). For the intro- 
duction of 2-hydroxy-lower alkyl substituents at the amino group 2, addition starting from an 
epoxide (for example ethylene oxide) is also possible. The addition is carried out especially 
in aqueous solution and/or in the presence of polar solvents, such as alcohols, for example 
methanol, ethanol, isopropanol or ethylene glycol, ethers, such as dioxane, amides, such as 
dimethyl formamide, or phenols, such as phenol, also under anhydrous conditions, in apolar 
solvents, such as benzene and toluene, or in benzene/water emulsions, optionally in the 
presence of acid or basic catalysts, for example of alkaline solutions, such as sodium 
hydroxide solution, or in the presence of hydrazine-doped solid phase catalysts, such as 
aluminium oxide, in ethers, for example diethyl ether, generally at temperatures of approxi- 
mately from 0°C to the boiling temperature of the reaction mixture in question, preferably at 
from 20°C to reflux temperature, where appropriate under elevated pressure, for example in 
a bomb tube, whereby the boiling temperature may also be exceeded, and/or under an inert 
gas, such as nitrogen or argon. Reductive alkylation of an amino group Z with a lower al- 
kanealdehyde, a phenyl-lower alkanealdehyde or a hydroxy-Iower alkanealdehyde, which is 
hydroxy-protected if necessary, is also possible. The reductive alkylation preferably takes 
place with hydrogenation in the presence of a catalyst, especially a noble metal catalyst, 
such as platinum or, especially, palladium, which is preferably bonded to a support material, 
such as carbon, or a heavy metal catalyst, such as Raney nickel, at normal pressure or at 
pressures of from 0.1 to 10 megapascals (MPa), or with reduction by means of complex 
hydrides, such as boron hydrides, especially alkali metal cyanoborohydrides, for example 
sodium cyanoborohydride, in the presence of a suitable acid, preferably of a relatively weak 
acid, such as a lower alkanecarboxylic acid or, especially, a sulfonic acid, such as p-tolu- 
enesulfonic acid; in customary solvents, for example alcohols, such as methanol or ethanol, 
or ethers, for example cyclic ethers, such as tetrahydrofuran, in the absence or presence of 
water. 
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In a compound of formula I (or an N-oxide thereof), an amino group Z can be converted by 
acylation into an amino group that is substituted by lower alkanoyl, benzoyl, substituted 
benzoyl or by phenyl-lower alkoxycarbonyl wherein the phenyl radical is unsubstituted or 
substituted. The corresponding acids contain a free carboxy group or are in the form of 
reactive acid derivatives thereof, for example in the form of the derived activated esters or 
reactive anhydrides, also reactive cyclic amides. The reactive acid derivatives can also be 
formed in situ. Activated esters are especially esters that are unsaturated at the linking 
carbon atom of the radical to be esterified, for example of the vinyl ester type, such as vinyl 
esters (obtainable, for example, by transesterification of a corresponding ester by vinyl ace- 
tate; activated vinyl ester method), carbamoyl esters (obtainable, for example, by treating 
the corresponding acid with an isoxazolium reagent; 1 ,2-oxazolium or Woodward method), 
or 1 -lower alkoxyvinyl esters (obtainable, for example, by treating the corresponding acid 
with a lower alkoxyacetylene; ethoxyacetylene method), or esters of the amidino type, such 
as N,N'-disubstituted amidino esters (obtainable, for example, by treating the corresponding 
acid with a suitable N,N'-disubstituted carbodiimide, for example N.N'-dicydohexylcarbodi- 
imide or, especially, N-fS-dimethylaminopropyO-N'-ethylcarbodiimide; carbodiimide method) 
or N,N-disubstituted amidino esters (obtainable, for example, by treating the corresponding 
acid with an N,N-disubstituted cyanamide; cyanamide method), suitable aryl esters, espe- 
cially phenyl esters suitably substituted by electrophilic substituents (obtainable, for exam- 
ple, by treating the corresponding acid with a suitably substituted phenol, for example 4- 
nitrophenol, 4-methylsulfonylphenoI, 2,4,5-trichlorophenol, 2,3,4,5,6-pentachlorophenol or 
4-phenyldiazophenol, in the presence of a condensing agent, such as N.N'-dicyclohexyl- 
carbodiimide; activated aryl esters method), cyanomethyl esters (obtainable, for example, 
by treating the corresponding acid with chloroacetonitrile in the presence of a base; cyano- 
methyl esters method), thioesters, especially unsubstituted or substituted, for example nitro- 
substituted, phenylthio esters (obtainable, for example, by treating the corresponding acid 
with unsubstituted or substituted, for example nitro-substituted, thiophenols, inter alia by 
means of the anhydride or carbodiimide method; activated thiolesters method), or, espe- 
cially, amino or amidb esters (obtainable, for example, by treating the corresponding acid 
with an N-hydroxyamino or N-hydroxyamido compound, for example N-hydroxysuccinimide, 
N-hydroxypiperidine, N-hydroxyphthalimide, N-hydroxy-5-norbomene-2,3-dicarboxylic acid 
imide, 1-hydroxybenztriazole or 3-hydroxy-3,4-dihydro-1,2,3-benztriazin-4-one, for example 
by the anhydride or carbodiimide method; activated N-hydroxy esters method). Internal 
esters, for example y-lactones, can also be used. Anhydrides of acids may be symmetrical 
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or, preferably, mixed anhydrides of those acids, for example anhydrides with inorganic 
acids, such as acid haiides, especially acid chlorides (obtainable, for example, by treating 
the corresponding acid with thionyl chloride, phosphorus pentachloride, phosgene or oxalyl 
chloride; acid chloride method), azides (obtainable, for example, from a corresponding acid 
ester via the corresponding hydrazide and treatment thereof with nitrous acid; azide 
method), anhydrides with carbonic acid semiesters, for example carbonic acid lower alkyl 
semiesters (especially chloroformic acid methyl esters) (obtainable, for example, by treating 
the corresponding acid with chloroformic acid lower alkyl esters or with a 1 -lower alkoxycar- 
bonyl-2-Iower alkoxy-1,2-dihydroquinoline; mixed O-alkylcarbonic acid anhydrides method), 
or anhydrides with dihalogenated, especially dichlorinated, phosphoric acid (obtainable, for 
example, by treating the corresponding acid with phosphorus oxychloride; phosphorus oxy- 
chloride method), anhydrides with other phosphoric acid derivatives (for example those 
which can be obtained with phenyl N-phenylphosphoramidochloridate, or by reacting 
alkylphosphoric acid amides in the presence of sulfonic acid anhydrides and/or racemisa- 
tion-reducing additives, such as N-hydroxybenzotriazole, or in the presence of cyanophos- 
phonic acid diethyl ester) or with phosphorous acid derivatives, or anhydrides with organic 
acids, such as mixed anhydrides with organic carboxylic acids (obtainable, for example, by 
treating the corresponding acid with an unsubstituted or substituted lower alkane- or phenyl- 
lower alkane-carboxylic acid halide, for example phenylacetic acid, ph/alic acid or 
trif luoroacetic acid chloride; mixed carboxylic acid anhydrides method) or with organic sul- 
fonic acids (obtainable, for example, by treating a salt, such as an alkali metal salt, of the 
corresponding acid with a suitable organic sulfonic acid halide, such as lower alkane- or 
aryl-, for example methane- or p-toluene-sulfonic acid chloride; mixed sulfonic add anhy- 
drides method) as well as symmetrical anhydrides (obtainable, for example, by condensing 
the corresponding acid in the presence of a carbodiimide or of 1-diethylaminopropyne; sym- 
metrical anhydrides method). Suitable cyclic amides are especially amides with five-membe- 
red diazacycles of aromatic nature, such as amides with imidazoles, for example imidazole 
(obtainable, for example, by treating the corresponding acid with N,N'-carbonyIdiimidazole; 
imidazole method), or pyrazole, for example 3,5-dimethylpyrazole (obtainable, for example, 
via the acid hydrazide by treatment with acetylacetone; pyrazolide method). As mentioned, 
derivatives of carboxylic acids which are used as acylating agents can also be formed in 
situ. For example, N,[sr-disubstituted amidino esters can be formed insituby reacting the 
mixture of the starting material of formula I and the acid used as acylating agent in the pre- 
sence of a suitable N,N'-disubstituted carbodiimide, for example N,N'-dicyclohexylcarbo- 
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diimide or, especially, N-(3-dimethylam!nopropyl)-N'-ethylcarbodiimide. Furthermore, amino 
or amido esters of the acids used as acylating agent can be formed in the presenc of the 
starting material of formula I to be acylated, by reacting a mixture of the corresponding acid 
and amino starting materials in the presence of an N,N'-disubstituted carbodiimide, for 
example N,N -dicyclohexylcarbodiimide, and of an N-hydroxyamine or N-hydroxyamide, for 
example N-hydroxysuccinimide, optionally in the presence of a suitable base, for example 
4-dimethyIaminopyridine. Moreover, activation can be achieved in situ by reaction with 
N.N.N'.N'-tetraalkyluronium compounds, such as O-benztriazoM-yl-N.N.N'.N'-tetra-methyl- 
uronium hexaf luorophosphate, 0-(1 ,2-dihydro-2-oxo-1 -pyridyl^N.N.N'.N'-tetramethyluronium 
tetrafluoroborate (in the absence or presence of 1 ,8-diazabicyclo[5.4.0]undec-7-ene-(1 ,5,5)) 
or 0-(3,4-dihydro-4-oxo-1 ^.S-benztriazolin-S-yO-N^X.NMetramethyluronium te- 
trafluoroborate. Finally, phosphoric acid anhydrides of the carboxylic acids can be prepared 
in situ by reacting an alkylphosphoric acid amide, such as hexamethylphosphoric acid tri- 
amide, in the presence of a sulfonic add anhydride, such as 4-toluenesulfonic acid anhy- 
dride, with a salt, such as a tetrafluoroborate, for example sodium tetrafluoroborate, or with 
a different derivative of hexamethylphosphoric acid triamide, such as benzotriazol-1-yl-oxy- 
tris(dimethylamino)phosphonium hexafluoride, preferably in the presence of a racemisation- 
reducing additive, such as N-hydroxybenztriazole. If desired, an organic base is added, 
preferably a tertiary amine, for example a tri-Iower alkylamine, especially ethyldiisopropyl- 
amine or, more especially, triethylamine, and/or a heterocyclic base, for example 4-di- 
methylaminopyridine or, preferably, N-methylmorphoIine or pyridine. The condensation is 
preferably carried out in an inert, aprotic, preferably anhydrous solvent or solvent mixture, 
for example in a carboxylic acid amide, for example formamide or dimethylformamide, a 
halogenated hydrocarbon, for example methylene chloride, carbon tetrachloride or chloro- 
benzene, a ketone, for example acetone, a cyclic ether, for example tetrahydrofuran or di- 
oxane, an ester, for example ethyl acetate, or a nitrile, for example acetonitrile, or in a mix- 
ture thereof, where appropriate at reduced or elevated temperature, for example in a tem- 
perature range of from approximately -40°C to approximately +100°C, preferably from ap- 
proximately -10°C to approximately +70°C, where arylsulfonyl esters are used also at ap- 
proximately from +100°C to +200°C, especially at temperatures of from 10 to 30°C, and, 
where appropriate, under an inert gas atmosphere, for example a nitrogen or argon atmos- 
phere. Aqueous, for example alcoholic, solvents, e.g. ethanol, or aromatic solvents, e.g. 
benzene or toluene, are also possible. 
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A nitro group Z in a compound of formula I can be reduced to an amino group, for example 
by reduction with metals or selective hydrogenation; for example by reaction with magnesi- 
um/ammonium sulfate in a water/alcohol mixture, such as methanol/water, at elevated tem- 
perature, for example from 30 to 60°C (see Synth. Commun. g§(2), 4025-4028 (1995)); by 
reaction with zinc/borohydride in an acid amide, such as dimethytformamide, at tempera- 
tures below room temperature, for example at approximately 0°C; by reaction with 1 f 1'-di- 
octyl-4,4-bipyridinium dibromide/sodium tetrathionate/potassium carbonate in water/halo- 
genated hydrocarbon mixtures, for example water/methylene chloride mixtures, at elevated 
temperature, for example from 25 to 35°C (see Tetrahedron Lett. 34(46), 7445-7446 
(1993)); with sodium borohydride on Amberlyte IRA-400 ion exchanger in the chloride form 
in an alcohol, such as methanol/water, at preferred temperatures of from 0 to 40°C (see 
Synthetic Commun. 19(5/6), 805-81 1 (1 989)); with potassium borohydride in a halogenated 
hydrocarbon/alcohol mixture, for example methylene chloride/methanol, at preferred tempe- 
ratures of from 10 to 35°C (see Synthetic Commun. 19(17), 3047-3050 (1989)); with sodium 
borohydride in dioxane; with borane in tetrahydrofuran; by hydrogenation in the presence of 
Pd/C in an alcohol at a preferred temperature of from 0 to 35°C and in the presence of 
ammonium formate (see Tetrahedron Lett. 25(32), 3415-3418 (1989)); with titanium tetra- 
chloride/lithium aluminium hydride or titanium tetrachloride/magnesium in an ether, such as 
tetrahydrofuran (see Bull. Chem. Soc. Belg. 97(1 ), 51 -53 (1 988)); or with ferric ammonium 
chloride/water at elevated temperature, preferably under reflux (Synth. Commun. 22, 3189- 
3195 (1992)). 

In a compound of formula I wherein G is acyloxy-substituted lower alkyl and the other radi- 
cals are as defined for formula I, the acyl radical can be removed by hydrolysis, yielding the 
corresponding compound of formula I wherein G is hydroxy-substituted lower alkylene. The 
hydrolysis is preferably carried out under customary conditions, for example in the presence 
of acids or bases, such as HCI or NaOH, in aqueous solution or in a suitable solvent or sol- 
vent mixture. 

From a compound of formula I wherein G is acyloxy-substituted lower alkyl it is also possible 
to prepare a compound of formula I wherein G is lower alkylene. The reaction in that case is 
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preferably carried out with catalytic hydrogenation (hydrogen in the presence of a suitable 
catalyst) in a customary solvent or solv nt mixture. 

General process conditions 

All the process steps mentioned in the present text can be carried out under reaction condi- 
tions which are known perse, preferably those mentioned specifically, in the absence or, 
customarily, in the presence of solvents or diluents, preferably those which are inert towartte 
the reagents used and are solvents therefor, in the absence or presence of catalysts, con- 
densing agents or neutralising agents, for example ion exchangers, such as cation exchan- 
gers, for example in the W form, depending on the nature of the reaction and/or of the reac- 
tants at reduced, normal or elevated temperature, for example in a temperature range of 
from approximately -1 00°C to approximately 1 90°C, preferably from approximately -80°C to 
approximately 150°C, for example at from -80 to -60°C, at room temperature, at from -20 to 
40°C or at the boiling point of the solvent used, under atmospheric pressure or in a closed 
vessel, where appropriate under pressure, and/or in an inert atmosphere, for example under 
an argon or nitrogen atmosphere. 

In all starting materials and intermediate compounds, salts can be present where salt-for- 
ming groups are present. Salts can also be present during the reaction of such compounds, 
provided that the reaction is not impaired thereby. 

At all stages of the reaction, isomeric mixtures that form can be separated into the individual 
isomers, for example diastereoisomers or enantiomers, or into any desired mixtures of 
isomers, for example racemates or diastereoisomeric mixtures, for example analogously to 
the methods described under "Additional process steps". 

In certain cases, for example in the case of hydrogenations, it is possible to achieve stereo- 
selective reactions so that, for example, it is easier to obtain individual isomers. 

The solvents from which those that are suitable for a particular reaction can be selected in- 
clude, for example, water, esters, such as lower alkyl lower alkanoates, for example diethyl 
acetate, ethers, such as aliphatic ethers, for example diethyl ether, or cyclic ethers, for ex- 
ample tetrahydrofuran, liquid aromatic hydrocarbons, such as benzene or toluene, alcohols, 
such as methanol, ethanol or 1- or 2-propanol, nitriles, such as acetonitrile, halogenated hy- 
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active ingredient depends on the disease to be treated and on the species, its age, weight 
and individual condition, individual pharmacokinetic data and on the mode of administration. 

The invention relates also to pharmaceutical compositions for use in a method of treating 
the human or animal body prophylactically or, especially, therapeutically, to a process for 
their preparation (especially in the form of compositions for the treatment of tumours) and to 
a method of treating the above-mentioned diseases, especially tumour diseases, more 
especially those mentioned above. 

The invention relates also to processes, and to the use of compounds of formula I (or an N- 
oxide thereof), for the preparation of pharmaceutical compositions comprising compounds 
of formula I (or an N-oxide thereof) as active component (active ingredient). 

Preference is given to a pharmaceutical composition which is suitable for administration to a 
warm-blooded animal, especially a human being or a commercially useful mammal, which is 
suffering from a disease responsive to inhibition of angiogenesis or of VEGF receptor 
tyrosine kinase, for example psoriasis or, especially, a tumour disease, comprising a 
compound of formula I (or an N-oxide thereof), or a pharmaceutical^ acceptable salt 
thereof where salt-forming groups are present, in an amount that is effective in inhibiting 
angiogenesis or VEGF receptor tyrosine kinase, together with at least one pharmaceutical^ 
acceptable carrier. 

Preference is given also to a pharmaceutical composition for the prophylactic or, especially, 
therapeutic treatment of tumour diseases and other proliferative diseases in a warm- 
blooded animal, especially a human being or a commercially useful mammal, which requires 
such treatment, especially which is suffering from such a disease, comprising a novel 
compound of formula I (or an N-oxide thereof), or a pharmaceutical^ acceptable salt 
thereof, as active ingredient in an amount that is effective prophylactically or, especially, 
therapeutically against the mentioned diseases. 

Pharmaceutical compositions comprise from approximately 1 % to approximately 95 % 
active ingredient, dosage forms that are in single dose form preferably comprising from 
approximately 20 % to approximately 90 % active ingredient, and dosage forms that are not 
in single dose form preferably comprising from approximately 5 % to approximately 20 % 
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myristate, isopropyl palmitate, "Labrafil M 2375 n (polyoxyethyleneglycerol trioleate from 
Gattefoss6, Paris), "Labrafil M 1944 CS" (unsaturated polyglycolised glycerides prepared by 
alcoholysis of apricot kernel oil and composed of glycerides and polyethylene glycol ester; 
Gattefossg, France), "Labrasor (saturated polyglycolised glycerides prepared by 
alcoholysis of TCM and composed of glycerides and polyethylene glycol ester, Gattefosse, 
France) and/or "Miglyol 812" (triglyceride of saturated fatty acids having a chain length of 
from Cs to C 12 from Huls AG, Germany), but especially vegetable oils, such as cottonseed 
oil, almond oil, olive oil, castor oil, sesame oil, soybean oil and, more especially, groundnut 
oil. 

The preparation of the injection compositions is earned out in customary manner under 
sterile conditions, as are also the introduction thereof, for example, into ampoules or vials 
and the sealing of the containers. 

Pharmaceutical compositions for oral administration can be obtained, for example, by 
combining the active ingredient with one or more solid carriers, granulating a resulting 
mixture, where appropriate, and processing the mixture or granules, if desired, where 
appropriate by addition of additional excipients, to tablets or drag6e cores. 

Suitable carriers are especially fillers, such as sugars, for example lactose, saccharose, 
mannitol or sorbitol, cellulose preparations and/or calcium phosphates, for example tri- 
calcium phosphate or calcium hydrogen phosphate, also binders, such as starches, for 
example com, wheat, rice or potato starch, methylcellulose, hydroxypropylmethylcellulose, 
sodium carboxymethylcellulose and/or polyvinylpyrrolidone, and/or, if desired, disintegra- 
tors, such as the above-mentioned starches, also carboxymethyl starch, crosslinked poly- 
vinylpyrrolidone, alginic acid or a salt thereof, such as sodium alginate. Additional excipients 
are especially flow conditioners and lubricants, for example silicic acid, talc, stearic acid or 
salts thereof, such as magnesium or calcium stearate, and/or polyethylene glycol, or 
derivatives thereof. 

Drag6e cores can be provided with suitable, optionally enteric, coatings, there being used 
inter alia concentrated sugar solutions which may contain gum arabic, talc, polyvinylpyrroli- 
done, polyethylene glycol and/or titanium dioxide, or coating solutions in suitable organic 
solvents or solvent mixtures or, for the preparation of enteric coatings, solutions of suitable 
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cellulose pr parations, such as acetylcellulose phthalate or hydroxypropylmethyicellulose 
phthalate. Colourings or pigments may be added to the tabl ts or dragee coatings, for 
example for identification purposes or to indicate different doses of active ingredient. 

Pharmaceutical compositions for oral administration are also hard gelatin capsules and soft 
sealed capsules consisting of gelatin and a plasticiser, such as glycerol or sorbitol. The hard 
gelatin capsules may contain the active ingredient in the form of granules, for example in 
admixture with fillers, such as com starch, binders and/or glidants, such as talc or magne- 
sium stearate, and optionally stabilisers. In soft capsules the active ingredient is preferably 
dissolved or suspended in suitable liquid excipients, such as fatty oils, paraffin oil or liquid 
polyethylene glycols or fatty acid esters of ethylene glycol or propylene glycol, if likewise 
being possible to add stabilisers and detergents, for example of the polyoxyethylene- 
sorbitan fatty acid ester type. 

Suitable rectally administrable pharmaceutical compositions are, for example, suppositories 
that consist of a combination of the active ingredient with a suppository base. Suitable 
suppository bases are, for example, natural or synthetic triglycerides, paraffin hydrocarbons, 
polyethylene glycols or higher alkanols. 

For parenteral administration there are suitable, especially, aqueous solutions of an active 
ingredient in water-soluble form, for example in the form of a water-soluble salt, or aqueous 
injection suspensions that comprise viscosity-increasing substances, for example sodium 
carboxymethylcellulose, sorbitol and/or dextran and, if desired, stabilisers. The active ingre- 
dient, optionally together with excipients, can also be in the form of a lyophilisate and can 
be made into a solution prior to parenteral administration by the addition of suitable 
solvents. 

Solutions used, for example, for parenteral administration can also be used as infusion 
solutions. 

Preferred preservatives are, for example, antioxidants, such as ascorbic acid, or microbi- 
cides, such sorbic acid or benzoic acid. 
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The invention r lat s also to a process or a method for treating ne of the pathological 
conditions mentioned above, especially a disease responsive to inhibition of VEGF receptor 
tyrosine kinase or inhibition of angiogenesis, especially a corresponding tumour disease, or 
also psoriasis. The compounds of formula I (or an N-oxide thereof) can be administered 
prophylactically or therapeutically as such or in the form of pharmaceutical compositions, 
preferably in an amount that is effective against the mentioned diseases, to a warm- 
blooded animal, for example a human being, requiring such treatment, the compounds 
being used especially in the form of pharmaceutical compositions. In the case of a body 
weight of approximately 70 kg, a daily dose of from approximately 0.1 g to approximately 5 
g, preferably from approximately 0.5 g to approximately 2 g, of a compound of the present 
invention is administered. 

The present invention relates also, especially, to the use of a compound of formula I (or an 
N-oxide thereof), or of a pharmaceutically acceptable salt thereof, especially of a compound 
of formula I mentioned as being preferred, or a pharmaceutically acceptable salt thereof, as 
such or in the form of a pharmaceutical formulation with at least one pharmaceutically 
acceptable earner, for the therapeutic and also prophylactic treatment of one or more of the 
above-mentioned diseases, especially of a tumour disease, or also of psoriasis, especially 
when that disease is responsive to inhibition of angiogenesis or to inhibition of VEGF 
receptor tyrosine kinase. 

The present invention relates also, especially, to the use of a compound of formula I (or an 
N-oxide thereof), or of a pharmaceutically acceptable salt thereof, especially of a compound 
of formula I mentioned as being preferred, or a pharmaceutically acceptable salt thereof, as 
such or in the form of a pharmaceutical formulation with at least one pharmaceutically 
acceptable carrier, for the therapeutic and also prophylactic treatment of one or more of the 
above-mentioned diseases, preferably of a disease responsive to inhibition of VEGF 
receptor tyrosine kinase or to inhibition of angiogenesis, especially of a tumour disease or 
also of psoriasis, more especially when that disease is responsive to inhibition of VEGF 
receptor tyrosine kinase or of angiogenesis. 


The present invention relates also, especially, to the use of a compound of formula I (or an 
N-oxide thereof), or of a pharmaceutically acceptable salt thereof, especially of a compound 
of formula I mentioned as being preferred, or a pharmaceutically acceptable salt thereof, for 


PCI7EP99/05781 

WO 00/09495 

-37- 

me p„para«on o. a phannacerrtica, M«n tor me Iherapeulic and also prophyfccbc 
mep Bp „.i„„.h diseases specially of a tumour disease 

treatment of one or more of the above-mentioned diseeses. spec, y 

• „ ^ .that Hi«na&e is responsive to inhDMbon of VEGF 
or also of psoriasis, especially when that disease is respons 

r ceptor tyrosine kinase or of angiogenesis. 

The preferred dosage, composition and preparation of pharmaceubcal formulations 
(medicaments) to be used in each particular case are deacrtbed above. 

procaases for their preparation. The starting matertafc used and ate reacfcon condifirms 
TaTare preferably such otatfh, compounds manned as being preferred are obta m ed. 

The carting matenale of fonaulae II and llll are Known, can be prepared by processes 
known per se. or are available commercially, in particular, they can be prepared by 
processes analogous to those mentioned in the Examples. 

,„ th. preparation o, starting materia*, an, functonal groups present the. are no, to fake 
part m ,he reason may be in protected fom, if necessa*. Prefened prolog groups, 
Lr Uttroducacn and fheir remove are deschbed under process a, or ,n the E-*» 
instead of me surfing matertals and internees in question. I. rs also posable to ™aC 
salts thereof where saft-forming groups a. present and ttte reaction in nuesaon ,s afso 
posswe using a sal,. Therefore, any reference hereinbefore and herelnaherto sfartmg 
materials is also intended to include their sals, where expedient and possible. 

Compounds of formula I, wherein G is -CHrO-. -CH r S, -CH r NH, oxa. mla or iminc , and 
fre other symbols are as defined for formula I can be prepared, tor example, by reaokng a 


compound of formula IV 
O 



(IV) 
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wherein L* is a nucleofugal leaving group, especially halo, such as bromo, and m and Z and 
the bonds indicated by wavy lines are as defined for a compound of formula I (especially 
m = 0 ( i.e. Z is not present - the corresponding compound of formula IV wherein L* is bromo 
is available commercially from SPECS & BIOSPECS, Rijskwijk, Holland), with a compound 
of formula V 


V< G - H M 

wherein G is -CHjr-O-, -CH 2 -S- or -CH2-NH-, or is oxa, thia or imino, and A, B, D, E, Q and r 
are as defined for compounds of formula I, preferably under conditions analogous to those 
mentioned under process a) for the reaction of a compound of formula II with a compound 
of formula III, or with palladium complex catalysis with Pd°, for example with tetrakis(tri- 
phenylphosphinyl)palladium complexes, palladium(0)-P(o-tolyl)3 complexes, palladium(0) 
complexes with chelating bis(phosphines) (see, for example, J. Org. Chem. §1, 7240-7241 
(1996)) or the like, preferably with Pd° in the presence of an alkali metal carbonate, such as 
K2CO3, in a suitable solvent, such as toluene, at elevated temperature, preferably under 
reflux. There is then obtained a compound of formula II* 

O 


a=b y_/rvz) m or) 

D — E Q >r 


wherein m and Z and the bonds indicated by wavy lines, and A, B, D, E f Q and r are as defi- 
ned for a compound of formula I, and wherein G is -CH r O-, -CH r S- or -CH r NH-, or is oxa, 
thia or imino. 

The corresponding compound of formula II can be prepared therefrom by introduction of a 
nucleofugal group L, as defined for formula II, using a corresponding acid anhydride, for ex- 
ample phosphoryl chloride (POCI 3 ) for the introduction of L = CI or a different reagent menti- 
oned below for the conversion of a compound of formula XII into a compound of formula II. 
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known perse, or ar Examples. 
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^ other symbols are as defined for 

a confound of lororula. can be prepared,! 


(VI) 

-a. 


■srsir.-'ss. 

— 

(sea Org. Synthesis, CoU. Vol. 1 1").y 

N ° ^ . .„ VI- Ihe compound of lormula VII is men con- 
^are* fhe radicals are as defined -or . 8Ultable dl , ow er afcyllonnamide 

□Mower aWacefyf. such as alhane , su ch as diehloromefhane. and 

* in a suKable sofcen, .or example a „ (emperalure s „, „om 0 ,o eo-C. 

,„,s*am P le a. approve* room femperafure 


mulaVllI is obtained 


O 

(VIII) 


u 


Nw ^ ^ 

— -rr:rjr.--:r.~ 

— -rrr-=^- 
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A=B 


CHO (IX) 

wherein A, B, D, E, Q and r are as defined for a compound of formula I, in the presence of 
an alcohol, such as methanol, and of the corresponding alcoholate, such as an alkali metal 
methanolate, for example sodium methanolate, at a temperature of preferably from 0°C to 
reflux temperature, preferably at approximately from 5 to 30°C f yielding the compound of 
formula X 



(X) 


wherein the radicals A, B, D, E, Q and Z and the indices r and m are as defined for a com- 
pound of formula I; that compound is converted (under conditions analogous to those for 
the preparation of the lower alkyl ester of formula VIII) into the corresponding lower alkyl 
ester of formula XI 



(XI) 


wherein Alk is lower alkyl, especially methyl, and the other radicals are as defined for for- 
mula X. Subsequent hydrogenation in the presence of a suitable catalyst, especially a fra- 
mework catalyst, such as Raney cobalt or, especially, Raney nickel, in a suitable solvent, 
such as an ether, for example tetrahydrofuran, or an alcohol, such as methanol, or mixtures 
thereof, at preferred temperatures of from 10 to 80°C, at pressures of from 0.5 to 100 bar, 
especially approximately at normal pressure, yields an isoquinoline compound of formula XII 
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Z)m 


(XII) 


wherein the radicals A f B, D, E f Q and 2 and the indices r and m are as defined for a com- 
pound of formula I. 

The compound of formula XII is then converted into the corresponding compound of formu- 
la II, or a salt thereof, by means of a suitable reagent for the introduction of the nucleofugal 
leaving group, for example a phosphoryl halide or phosphorus pentahalide, especially phos- 
phoryl chloride (POCI 3 ) or phosphorus pentachloride, without a solvent or in a suitable sol- 
vent, for example acetonitrile, in the absence or, preferably, in the presence of a correspon- 
ding acid, for example of a hydrohalic acid, such as hydrochloric acid, at preferred tempera- 
tures of from 40°C to reflux temperature, preferably at approximately from 40 to 60°C. 

In an analogous manner, it is possible using compounds analogous to those of formula IX 
wherein, however, the place of the -CHO- group is taken by a corresponding lower alkane- 
aldehyde group, via compounds analogous to those of formulae X to XII wherein the place 
of the methylidene group (formula X, XI) or of the methylene group (formula XII) is taken by 
a corresponding lower alkylidene or lower alkylene group, to prepare corresponding com- 
pounds of formula II wherein G is lower alkylene. 

The other starting materials are known, can be prepared by processes known perse, or are 
available commercially, or, in particular, can be prepared by processes analogous to those 
mentioned in the Examples. 

Examples: 

The Examples which follow serve to illustrate the invention without limiting the scope 
thereof. 
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Temperatures are measured in degrees Celsius. Unless indicated otherwise, reactions are 
carried out at room temperature. 

HPLC gradients: 

grad2o-ioo 20 % -* 100 % a) in b) for 13 min. + 5 min. 100 % a), 
grads^o 5 % -» 40 % a) in b) for 7.5 min. + 7 min. 40 % a). 

Eluant a): acetonitrile + 0.05 % TFA; eluant b): water + 0.05 % TFA. Column 
(250 x 4.6 mm) filled with C18-Nucleosil reversed phase material (5 pm average particle 
size, silica gel covalently derivatised by octadecylsilanes, Macherey & Nagel, Duren, FRG). 
Detection by UV absorption at 254 nm. The retention times (t ret ) are given in minutes. Flow 
rate 1 ml/min.. 

The other short names and abbreviations used have the following meanings: 


abs. 

Anal. calc. 

Anal, found 

DMSO 

ether 

FAB-MS 

found 
m.p. 
brine 
THF 


absolute (solvent anhydrous) 

calculated (theoretical) proportions of the 

elements in elemental analysts 

proportions of the elements actually 

measured in elemental analysis 

dimethyl sulfoxide 

diethyl ether 

fast atom bombardment 

mass spectroscopy 

see Anal, found 

melting point 

saturated sodium chloride solution 
tetrahydrof uran (distilled over sodium/benzo- 
phenone) 


The following starting materials are obtained from the sources indicated in each case: 

3,5-DimethyianiIine, 4-chloroaniline, 3-methylaniline, 3-chloroaniline, aniline, benzylamine, 
4-methoxyaniline, 3-methoxyaniline, 4-aminoacetanilide, (S)-l-phenylethylamine, (R)-1- 
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phenylethylamine, 4-aminobenzotrifluoride (= 4-(trifluoromethyl)-aniline), 4-fluoroaniline, 1,3- 
phenylenediamine, methanesulfonic acid, 3,4-dichloroaniline, 4-bromoaniline: Ruka, Buchs, 
Switzerland. 

3-Benzyloxyaniline, 2-aminophenol, 4-aminophenol: Aldrich, Buchs, Switzerland. 

3-Bromo-5-trifluoromethyl-aniline (Ruorochem, Old GIossop, Great Britain); 4-chloro-3- 
trifluoromethyl-aniline (Ruka, Buchs, Switzerland), 

Example 1 : M3,5-DlmethvlanllinoM4{pwldin^^ 
f= N^3.5-dimethvl-phenvlW-fpvridin^ 

With the exclusion of moisture, 100 mg (0.825 mmol) of 3,5-dimethyl-aniIine are dissolved in 
4 ml of ethanol, and 196 pi (0.784 mmol) of HCI (4N in dioxane) are added. After the addi- 
tion of 200 mg (0.785 mmol) of 1-chloro-4-[(pyridin-4-yl)-methyl]-isoquinoline f the mixture is 
heated for 8 hours at 90°C. Concentration by evaporation is then carried out; the residue is 
taken up in 4 ml of water, 1 ml of saturated ammonia solution and 20 ml of CH 2 CI 2 , and the 
organic phase is separated off, dried with Na 2 S0 4 (anhydrous) and concentrated by evapo- 
ration again. Column chromatography (Si0 2 ; ethyl acetate/hexane 3:1) and crystallisation 
from ethyl acetate/hexane yield the title compound: m.p. 156-158°C; 1 H NMR (DMSO-dg) 
9.00 (s, HN), 8.54 (d, 1H), 8.42 (d, 2H), 8.00 (s, 1H), 7.80 (d, 1H), 7.65 (m, 2H), 7.50 (s, 
2H), 7.26 (d, 2H), 6.64 (s, 1H), 4.25 (s, 2H), 2.27 (s ( 6H); FAB-MS: (M+H)+=340; Anal. calc. 
(C23H2iN 3 0.1 H 2 0) C 80.95 %, H 6.26 %, N 12.31 %; found C 80.9 %, H 6.2 %, N 12.4 %. 

The starting material is prepared as follows: 
1a) 2-Cvanomethvl-benzoic acid methyl ester 

With gentle heating, 175 g (1 .08 mol) of 2-cyanomethyl-benzoic acid (for preparation see: 
Org. Synthesis, Coll, Vol. 3, 174) are dissolved in 1.7 litres of CH 2 CI 2 ; 242 ml («90 %, 
1.6 mol) of dimethylformamide dimethylacetal are added dropwise at room temperature, 
and stirring is carried out for 38 hours to complete the reaction. The reaction mixture is 
washed with 2 x 1 .2 litres of saturated NaHC0 3 solution and brine. The aqueous phases are 
extracted using 2 portions of CH 2 CI 2 , and the organic phases are dried (Na 2 S0 4 ) and con- 
centrated by evaporation. Column chromatography (Si0 2 ; ethyl acetate/hexane 1:4, applied 
in ethyl acetate/hexane/CH 2 CI 2 ) yields the title compound: m.p. 49-50°C; 1 H NMR (DMSO- 
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d 6 ) 7.96 <d, 1H), 7.66 (t, 1H), 7.57 (d, 1H), 7.51 (t, 1H), 4.26 (s, 2H), 3.86 (s, 3H); Anal. catc. 
(C 10 H 9 NO 2 ) C 68.56 %, H 5.18 %, N 8.00 %; found C 68.5 %, H 5.1 %, N 7.9 %. 

1b) 2-rf1-Cvano-2-fpvridin-4-vlV»vinvn-benzoic acid 

With the exclusion of air, 127.7 ml (1.35 mol) of pyridine-4-carbaldehyde (Fluka, Buchs, 
Switzerland) are added to a solution of 215.6 g (1.23 mol) of 2-cyanomethyl-benzoic acid 
methyl ester in 1.8 litres of THF. The mixture is cooled to 8-9°C, 297 ml (1 .6 mol) of a 5.4M 
solution of sodium methanolate in methanol are added dropwise in the course of 20 minu- 
tes, and the mixture is stirred for 1 .5 hours at from 10 to 15°C. The mixture is then adjusted 
to pH 6.0 using approximately 350 ml of 4N HCI and is then stirred for one hour at 5°C. The 
title compound crystallises out and is filtered off with suction and washed thoroughly with 
THF/water 2:1 and THF: m.p. 218-219°C; FAB-MS: (M+H)+=251; 'H NMR (DMSO-d 6 ) 13.4 
(sb, 1H), 8.76 (d, 2H) t 7.98 (d f 1H), 7.77 (d, 2H), 7.72 (t, 1H), 7.62 (m, 2H), 7.52 (s, 1H); 
Anal. ca/c. (C 15 H 10 N 2 O 2 ) C 71 .99 %, H 4.03 %, N 1 1 .1 9 %; found C 71 .9 %, H 4.1 %, N 1 1 .1 
%. 

1c) 2-r(1-Cvano-24Dvridin>4>vlVvinvn-benzolc acid methvl ester 
With the exclusion of moisture, 211 g (0.843 mol) of 2-[(1-cyano-2-(pyridin-4-yl)-vinyl]-ben- 
zoic acid are suspended in 3.3 litres of CH 2 Ci 2 ; 169 ml (*90 %, 1.1 mol) of dimethylform- 
amide dimethylacetal (Fluka, Buchs, Switzerland) are added at room temperature, and stir- 
ring is carried out for 22 hours to complete the reaction. The reaction mixture is filtered, and 
the residue is washed thoroughly with CH 2 CI 2 and discarded. Concentration of the filtrate by 
evaporation, chromatography (Si0 2 ; ethyl acetate) and crystallisation from ethyl acetate/he- 
xane yield the title compound: m.p. 102-104°C; FAB-MS: (M+H)+=265; 1 H NMR (DMSO-d 6 ) 
8.76 (d, 2H), 7.97 (d, 1H), 7.76 (m, 3H), 7.65 (m, 2H), 7.60 (s, 1H), 3.86 (s, 3H); Anal. ca/c. 
(Ci 6 H 12 N 2 0 2 ) C 72.72 %, H 4.58 %, N 10.60 %; found C 72.7 %, H 4.8 %, N 10.5 %. 

1 d) 4-( Pvridin»4^vl>methvlV2H-isoauinolin-1-one 

In the presence of 5 x 40 g of Raney nickel (added at intervals), 163 g (617 mmol) of 2-[(1- 
cyano-2-(pyridin-4-yl)-vinyl]-benzoic acid methyl ester are hydrogenated in 3 litres of THF at 
40°C for 90 hours. The reaction mixture is filtered, and the filtrate is concentrated by evapo- 
ration and crystallised from acetonitrile/ethyl acetate (-» title compound). Further product 
can be obtained from the mother liquor by chromatography (Si0 2 ; ethyl acetate->acetone): 
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m.p. 189-190°C; FAB-MS: (M+H) + =237; 'H NMR (DMSO-d 6 ) 11.27 (sb, HN), 8.45 (d, 2H), 
8.23 (d, 1H), 7.65 (t f 1H), 7.48 (m, 2H). 7.27 (d f 2H), 7.18 (s. 1H), 4.05 (s, 2H); Anal. ca/c. 
(C 1S H 12 N 2 0 . 0.05 H 2 0) C 75.96 %, H 5.14 %, N 1 1.81 %; found C 75.8 %, H 5.2 %, 
N11.9%. 

1 e) 1-Ch»oro^-fpwldln^vimetlhvlVisoc8uinoiigie 

With the exclusion of air, 32.7 g (139 mmol) of 4-(pyridin-4-yl-methyl)-2H-isoquinolin-1-one 
are made into a slurry in 560 ml of acetonitrile, and 69.2 ml (277 mmol) of 4N HCI in dioxa- 
ne and 31 .7 ml (346 mmol) of POCI 3 are added. The mixture is stirred for 22 hours at 50°C 
and then cooled in an ice bath, and a solution of 128.6 g of NaHCO a in 1 .64 litres of water 
is added in the course of 30 minutes. During the addition, first a dear solution forms and 
then the title compound precipitates and, after 15 minutes, can be filtered off, washed tho- 
roughly with water and ether and dried under a high vacuum at 60°C: m.p. 119-120°C; FAB- 
MS: (M+H)+=255; 'H NMR (DMSO-d 6 ) 8.43 (d, 2H), 8.33 (s, 1H), 8.31 (d, 1H), 8.07 (d, 1H), 
7.85 (m, 2H), 7.25 (d, 2H), 4.45 (s, 2H). 

The following are prepared analogously to Exannpte 1 or to the processes mentioned in this 
disclosure: 

Starting material Product of formula I 



Exa- 


Starting material 
H 2 N-Y 


m.p. 


Anal." 


FAB MS 


mple 



[°C] 


(M+H)+ 


2 



182-183 


CHN 


346 


3 



188-189 


CHN 


458/460 
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Exa- 

Starting materia! 


m.p. 

Anal.* 

FAB MS 

mple 

H 2 N-Y 


[°C] 


(M+H)+ 

A 

F 


205-206 

CHN 

414 

5 



118-119 

CHN 

326 


* Elemental analysis for the element in question with = 0.4 % deviation from the theoretical 
yield 


The following compounds are prepared by the processes mentioned above: 
Starting material Product of formula I 



Exa- 
mple 

V 

m 

2 

m.p. 
[°C] 

Anal.* 

FAB MS 
(M+H)+ 

6 

jQ 

0 





7 


0 





8 


0 


167-168 

CHNBr 

404/406 

9 

j0 0CH ' 

0 





10 


0 
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Exa- 
mple 


m 

z 

m.p. 
[°C] 

Anal." 

FAB MS 
(M+H)+ 

11 

-WN-O-OCH, 

0 





12 


0 





13 

-MN 

(S) 

0 

- 




14 


0 

- 




15 

OCH a 

0 






N 

0 

- 




17 


0 

- 

160-161 

CHNF 

380 

18 

jcr' 

0 





19 

O 

0 

- 




20 


0 

- 




21 


0 





22 

-HN* S ^CI 

0 
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Exa- 
mple 

Y 

m 

Z 

m.p. 

rcj 

Anal.* 

FAB MS 
(M+H) + 

23 


0 





24 

.... 

0 

m 




25 

-HN 

0 





26 

-Or 

1 

(pos. 7) 




27 


1 

(pos. 7) 




28 


1 

-HN 

o=< 

(pos. 7) 




29 

jQ. 

-HN^^CI 

1 

-HN 
CH, 

(pos. 7) 




30 


1 

-HN 
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Exa- 
mple 

x Y 

r 

m 

2 

m.p. 

Anal.° 

FAB MS 
(M+H)+ 




(pos. 7) 




31 


1 

•HSS 
(pos. 7) 




32 

J<X 

1 

-HN 

o 

(pos. 7) 




33 


1 

-NH 2 
(pos. 7) 




34 


1 

-HN 
OjN 

(pos. 7) 




35 


1 
i 

-HEM 
H,N 

(pOS. 7) 




36 


1 

XH, 
HD * 

(pos. 7) 
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Exa- 
mple 

V 

m 

z 


Anal. 

CAD MG 

rAb Mo 
(M+H)+ 

37 


1 

-Br 

(pos. 7) 




38 


0 

- 




39 


0 





40 


0 





41 


0 

- 




42 


0 


118-119 

CHN 

354 



U 





44 

F 

o 

- 




45 

-hn' s ^ch j 

o 


144-1 4 

HUM 


46 


0 


158-159 

CHN 

354 

47 

CH, 

0 


158-159 

CHN 

368 

48 


0 
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Exa- 
mple 

M 
H 

m 

Z 

m,p. 
PC] 

Anal.* 

FAB MS 
(M+H)+ 

49 


0 

- 




50 

OCHj 

0 





51 

o 

0 





52 


0 

- 




53 

A 

0 





54 

0 

-HN 

0 

- 




55 

OH 

0 





56 


n 
\j 





Off 

H 

u 





58 


n 



OHM 

o An. 

59 


0 
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•52- 


Exa- 
mple 

N V 

B 

m 

z 

m.p. 
t°C] 

Anal." 

FAB MS 
(M+H)+ 

60 


0 


159-160 

CHN 

380 

61 

H ° F 

0 





62 

H 

0 


169-170 

CHNBr 

390/392 

63 

H 

0 





64 


0 





65 

H ° 

0 

- 




66 

H 7 

0 

- 




67 

A' 

N 0 
H 

0 

- 




68 


0 

- 

147-148 

CHN 

368 

69 


0 


143-145 

CHN 

354 
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Exa- 
mpie 

Y 

m 

z 

m.p. 
l C] 

Anal." 

FAB MS 
(M+H)+ 

70 

F 

0 


205-205 

CHNF 

398 

71 

H F 

0 





72 


0 





73 

jOl 

0 





74 


0 





75 


o 





76 

^ H 

0 





77 


0 





78 


0 





79 

.fir 

H OH 

0 
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Exa- 
mple 


m 

z 

m.p. 
t°C] 

Anal/ 

FAB MS 
(M+H)+ 

80 

o 

0 





81 


0 

m 




82 


0 





83 


0 





84 


0 





85 


0 





86 

H • 

0 





87 


0 

- 


CHN 

368 

88 

o 

JLJl 

0 

- 




89 

M NHj 

0 





~~90 

H 

0 
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Exa- 
mple 

ft 

m 

z 

m.p. 

Anal." 

FAB MS 
(M+H)+ 

91 

CH, 

0 





92 

CH, 

0 





93 

fY OH 

n 
u 





94 

Br 

1 

NH 2 
(pos. 7) 




95 

..JO 

H 

1 

NH 2 
(pos. 7)" 




96 

-fir 

1 

NH 2 
(pos. 7) 




97 

-fi- 

1 

NH 2 
(pos. 7) 




as 


1 

kit t 

NH 2 
(pos. 7) 




99 

jQl a 

" H 

6 





100 

H 

n 



OnN 

356 

101 


0 
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Exa- 
mple 

V 

m 

z 

m.p. 
[•C] 

Anal.* 

FAB MS 
(M+H)+ 

102 

-« A F 

0 





103 

o 

0 

- 




104 


0 





105 


0 





106 

H 

0 

- . 




107 

A 

0 

- 




108 

H 

0 





109 

H 

o 





110 

H 

0 

- 




111 

CI 

H 

0 


201-202 

CHNCIF 

414 
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Exa- 
mple 


m 

2 

m.p. 
[°CJ 

Anal.° 

FAB MS 
(M+H)+ 

112 

-A- 

0 

- 

215-216 

CHNF 

448 

113 

F F 

0 

- 

203-204 

CHNBrF 

458/460 

114 

*W,.JL „F 
Pp 

0 

- 




115 

rr 1 

0 

- 

180-181 


506 


F F 






116 


0 

- 

149-150 

CHNI 

452 

117 

F F 

0 

- 

174-175 

CHNF 

448 

118 


0 




418/420 


• Elemental analysis for the element in question with = 0.4 % deviation from the theoretical 
yield 

** Compound 16 can especially be prepared as follows: 
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"•Starting materials are prepared as follows: 
111a) 5-Chloro-3-trlfluoromethvl-nftrobenzene 

(see also: EP 0 516 297 A,) 56.7 mi of 96 % sulfuric acid are added dropwise over a period 
of 30 minutes to a brown solution of 90 g (374 mmol) of 4-amino-3-chloro-5-nitro-benzotri- 
fluoride (Maybridge; Tintagel/England) in 500 ml of ethanol (exothermic). After heating to 
75°C, 64.53 g (935 mmol) of sodium nitrite are added in portions over a period of one hour 
(evolution of gas). The mixture is stirred for 2.5 hours at 75°C and then cooled to room tem- 
perature. The reaction mixture is poured onto 1 .5 litres of ice-water and extracted four times 
with ether. Washing the organic phases with 0.1 N HCI, saturated NaHC0 3 solution and bri- 
ne, drying (Na 2 S0 4 ) and concentration by evaporation yield a brown oil. Column chromato- 
graphy (Si0 2 ; hexane) yields the title compound in the form of an oil: 1 H-NMR (DMSO-d 6 ) 
8.62 (m, 1 H), 8.46 (m, 2H) t MS 225 (M)+ 179 (M-NO^. 

1 11b) 5-Amino-3-chlon>benzotrifluorlde 

In the presence of 10.17 g of Raney nickel, 92 g (0.408 mol) of 5-chloro-3-trifluoromethyl- 
nitrobenzene are hydrogenated in 1 litre of methanol. The reaction mixture is filtered over 
Celite/activated carbon and the residue is washed with methanol. Concentration of the fil- 
trate by evaporation yields the oily title compound: 1 H-NMR (DMSO-d 6 ) 6.80 (m, 3H), 5.92 
(s, H 2 N); FAB-MS (M+H)+=1 96. 

1 15a) 4-lodo-3-trlfluoromethvl~nitrobenzene 

Under a protecting gas, 20 g (97 mmol) of 2-amino-5-nitrobenzotrifluoride (Fluka; Buchs, 
Switzerland) are placed in 250 ml of H 2 SOVH 2 0 1:1 and cooled to 0°C, and at that tempera- 
ture a solution of 6.69 g (97 mmol) of sodium nitrite in 39 ml of H 2 0 is added. After 2 hours 1 
stirring in an ice bath, 36.94 g (194 mmol) of Cul are added in portions, whereupon a light- 
yellow suspension forms. After 30 minutes, the mixture is heated slowly to 80°C (vigorous 
evolution of gas!) and is stirred for one hour at 80°C. Pouring into one litre of ice-water and 
filtering off yield mustard-yellow crystals. They are extracted using 2 x 150 ml of methanol 
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and in each case filtered Concentration of the filtrates by evaporation, column chromato- 
graphy (Si0 2 ; toluene) and crystallisation from toluen yield the title compound: 1 H NMR 
(DMSO-d 6 ) 8.45 (d, J=8.6 Hz, 1H), 8.36 (d, J=2.7 Hz, 1H), 8.16 (dd, J=8.6/2.7 Hz, 1H); 
FAB-MS: (M)+=317; Anal. calc. (C 7 H 3 N02F 3 I) C 26.52 %, H 0.95 %, N 4.42 %, 1 40.03 %; 
found C 26.53 %, H 0.98 %, N 4.50 %, I 39.94 %. 

115b) S-Amirio-S-iiodo-beinizo^rmuorgde 

In the presence of 1.7 g of Raney nickel, 8.6 g (27 mmol) of 4-iodo-3-trifluoromethyl-nitro- 
benzene are hydrogenated in 170 ml of methanol. The reaction mixture is filtered over 
Celite. Concentration of the filtrate by evaporation yields the oily title compound, which 
slowly crystallises when left to stand: *H NMR (CDCI3) 7.63 (d, 1 H), 6.98 (d, 1 H), 6.54 (dd, 
1H), 5.75 (s, H 2 N); FAB-MS (M+H)+=288. 


The following compounds of formula I are prepared analogously to one of the above- 
mentioned processes: 


Exa- 
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A 
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Exa- 
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The Examples mentioned below are prepared analogously to the above-mentioned 
processes: 


Example 131:1 -f4-Chloro-anilinn\- 4.f4-Dvridvl-methvH-5.6.7.8-tetrahvdro-isoouinoline 

Example 132: 1-f3-ChlorobenzvlaminoV4-rfpyridin-4-vl)-methvn-isoQuinolrne 

With the exclusion of moisture, 1.6 ml (13.1 mmol) of 3-chlorobenzyiamine and 800 mg 

(3.14 mmol) of 1-chloro-4-(pyridin-4-ylmethyl)-isoquinoline (Example 1e) are stirred for 

2 hours at 150°C. The mixture is suspended in ethyl acetate, 1 ml of concentrated ammonia 
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solution is added, washing with water and brine is carried out, and the organic phase is 
dried (Na 2 S04) and concentrated by evaporation. Column chromatography (Si0 2 ; ethyl ace- 
tate) yields the title compound: m.p. 141-142°C; 1 H NMR (DMSO-d 6 ) 8.39 (d, 2H), 8.31 (d, 
1H), 8.03 (t, HN), 7.82 (s f 1H), 7.69 (d f 1H), 7.61 (t, 1H), 7.50 (t, 1H), 7.40 (s, 1H), 7.33 (m, 
2H), 7.26 (m, 1H), 7.20 (d, 2H), 4.73 (d, 2H) ( 4.14 (s, 2H); FAB-MS: (M+H)+=360; Anal, 
ca/c. (C22H1BN3CI) C 73.43 %, H 5.04 %, N 11.68 %, CI 9.85 %; found C 73.2 %, H 5.1 %, 
N 11.6%, CI 9.9%. 

The following are prepared analogously to Example 132 or the processes mentioned in this 


disclosure: 


Starting material 


Product of formula I 



Example 


Starting material 
H 2 N-Y 


\ 


133 




134 




135 


136 




137 




138 
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Example 

Starting material 
H 2 N-Y 

> V 

139 

no 


140 




Example 141 : Test for activity aoainst n t-1 VEGF receptor tyrosine kinase activity 

The test is carried out using Flt-1 VEGF receptor tyrosine kinase, as described above. The 

IC50 values obtained are shown below, insofar as they were calculated accurately: 

ICso (m 

0.802 
0.346 
>1 
>1 

0.344 

Example 1 42: Soft capsules 

5000 soft gelatin capsules each comprising 0.05 g of one of the compounds of formula I 
mentioned in the preceding Examples as active ingredient are prepared as follows: 

Composition 

active ingredient 250 g 
Lauroglykol 2 litres 

Preparation method: The powdered active ingredient is suspended in Lauroglykol® 
(propylene glycol laurate, Gattefosse S.A., Saint Priest, France) and ground to a particle 
size of approximately from 1 to 3 urn in a wet pulverizer. 0.419 g portions of the mixture are 
then introduced into soft gelatin capsules by means of a capsule-filling machine. 


Title compound of Example 
1 
2 
3 
4 
5 
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What is claimed is: 


1 . A compound of formula I 


/ =B \ } 



(CHR)- 


Y 


(") 


wherein 
r is from 0 to 2; 
n is from 0 to 2; 
m is from 0 to 4; 

A, B t D and E are each independently of the others N or CH, with the proviso that not more 
than two of those radicals are N; 

Q is lower alkylene, -CH 2 -0- f -CH 2 -S-, -CH r NH-, oxa (-O-), thia (-S-) or imino (-NH-), or is 
lower alkylene substituted by acyloxy or by hydroxy; 

Q is lower alkyl, especially methyl; 

R is H or lower alkyl; 

X is imino, oxa or thia; 

Y is lower alkyl or, especially, aryl, heteroaryl or unsubstituted or substituted cycloalkyl; and 

Z is amino, mono- or di-substituted amino, halogen, alkyl, substituted alkyl, hydroxy, etheri- 
fied or esterified hydroxy, nitro, cyano, carboxy, esterified carboxy, alkanoyl, carbamoyl, N- 
mono- or N,N-di-substituted carbamoyl, amidino, guanidino, mercapto, sulfo, phenylthio, 
phenyl-lower alkylthio, alkylphenylthio, phenylsulfinyl, phenyl-lower alkylsulf inyl, alkylphenyl- 
sulfinyl, phenylsulfonyl, phenyl-lower alkanesulfonyl or alkylphenylsulfonyl, and where, If 
more than one radical Z is present (m £ 2), the substituents Z are identical or different; 
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and wherein th bonds indicated by a wavy line are either single bonds or double bonds; 

or an N-oxide of the mentioned compound, wherein one or more N atoms carry an oxygen 
atom; 

or a salt thereof. 

2. A compound of formula I according to claim 1 , wherein 
r is from 0 to 2; 
n is from 0 to 2; 
m is from 0 to 4; 

A, B, D and E are each independently of the others N or CH, with the proviso that not more 
than two of those radicals are N; 

G is lower alkylene, lower alkylene substituted by acyloxy or by hydroxy, -CH 2 -0- f -CH r S-, 
-CH2-NH-, oxa (-O-), thia (-S-) or imino (-NH-); 

Q is lower alkyl; 

R is H or lower alkyl; 

X is imino, oxa or thia; 

Y is aryl, heteroaryl or unsubstituted or substituted cycloalkyl; and 

2 is amino, mono- or di-substituted amino, halogen, alkyl, substituted alkyl, hydroxy, etheri- 
fied or esterified hydroxy, nitro, cyano, carboxy, esterified carboxy, alkanoyl, carbamoyl, N- 
mono- or N,N-di-substrtuted carbamoyl, amidino, guanidino, mercapto, sulfo, phenylthio, 
phenyl-lower alkylthio, alkylphenylthio, phenylsulfinyl, phenyl-lower alkylsulf inyl, alkylphenyl- 
sulfinyl, phenylsulf onyl, phenyl-lower alkanesulfonyl or alkylphenylsulfonyl, and where, if 
more than one radical 2 is present (m > 2), the substituents 2 are identical or different; 


WO 00/09495 


-65- 


PCT/EP99/05781 


and wherein the bonds indicated by a wavy line are either single bonds or double bonds; 

or an N-oxide of the mentioned compound, wherein one or more N atoms carry an oxygen 
atom; 

or a salt thereof. 

3. A compound of formula I according to claim 1 , wherein 

r is from 0 to 2; 
n is 0 or 1 ; 
m is 0, or is 1 ; 

A f B, D and E are each CH, or A, D and E are each CH and B is N; 

G is lower alkyiene, -CH 2 -NH-, -CHrO-, hydroxymethylene or benzoyloxy-methylene; 

Q is methyl w^iich is bonded to A, to D or to A and D; 

R is H or lower alkyl; 

X is imino, oxa or thia; 

Y is phenyl that is unsubstituted or substituted by one or two identical or different substi- 
tuents selected from the group consisting of amino; lower alkanoylamino, halogen, lower 
alkyl, halo-lower alkyl, lower alkoxy, phenyl-lower alkoxy, cyano, lower alkenyl, Cg-C 12 alkoxy, 
lower alkoxycarbonyl, carbamoyl, lower alkylcarbamoyl, lower alkanoyl, phenyloxy, halo- 
lower alkyloxy, lower alkoxycarbonyl, lower alkylmercapto, halo-lower alkylmercapto, 
hydroxy-lower alkyl, lower alkanesulfonyl, halo-lower alkanesulfonyl, phenylsulfonyl, 
dihydroxybora, 2-methyl-pyrimidin-4-yl, oxazoI-5-yl, 2-methyM ,3-dioxolan-2-yI, 1H-pyrazoi- 
3-yl, 1-methyl-pyrazol-3-yl, and lower alkylenedioxy bonded to two adjacent carbon atoms; 
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Z is amino; N-lower alkylamino; hydroxy-lower alkylamino; phenyl-lower alkylamino; N,N-di- 
lower alkylamino; N-phenyl-lower alkyl-N-lower alkylamino; N,N-di-lower alkylphenylamino; 
lower alkanoylamino or a substituted selected from the group consisting of benzoylamino 
and phenyl-lower alkoxycarbonylamino, wherein the phenyl radical in each case is unsubsti- 
tuted or substituted by nitro, halogen, amino, N-lower alkylamino, N,N-di-lower alkylamino, 
hydroxy, cyano, carboxy, lower alkoxycarbonyl, lower alkanoyl or by carbamoyl; or 2 is 
halogen; and 

the bonds indicated by a wavy line are both a double bond, or are both a single bond; 
or a salt thereof. 

4. A compound of formula I according to claim 1 , wherein 

r is 0; 
n is 0; 
m is 0; 

A, B, D and E are each CH; 
G is lower alkylene; 
X is imino; 

Y is phenyl that is unsubstituted or substituted by one or two identical or different substi- 
tuents selected from the group consisting of halogen; lower alkyl; and halo-lower alkyt; and 

the bonds indicated by a wavy line are double bonds; 

or a salt thereof. 

5. A compound of formula I according to claim 1 , wherein 
r is 0; 
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n is from 0 to 2; 
mis 0; 

A, B, D and E are each CH; 

G is methylene; 

RisH; 

X is imino; and 

Y is phenyl that is unsubstituted or substituted by halogen or by lower alkoxy; naphthyl; 
cyclohexyl that is unsubstituted or substituted by lower afkyl; or indolyl that is unsubstituted 
or substituted by halogen; especially 6-fluoroindol-3-yl; or is lower alkyl; 
or a salt thereof where a salt-forming group is present. 

6. A compound of formula I according to claim 1 having the name 1-(3,5<limethylanilinoH- 
(pyridin-4-ylmethyl)-isoquinoline, or a pharmaceutical^ acceptable salt thereof. 

7. A compound according to claim 1 of the formula 



which falls within the scope of formula I, selected from the group of compounds of that 
formula wherein Y is one of the radicals shown below: 


(a) 


(b) 
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(C) 


\ 


F and 


(d) 


\ 



or in each case a salt thereof. 

8. A compound of formula I, or a pharmaceutical^ acceptable salt thereof , according to any 
one of claims 1 to 7 for use in a method for the diagnostic or therapeutic treatment of the 
human or animal body. 

9. A pharmaceutical composition comprising a compound of formula I, or a pharmaceutical^ 
acceptable salt thereof, according to any one of claims 1 to 7, together with at least one 
pharmaceutical^ acceptable carrier. 

10. The use of a compound of formula I in the preparation of a pharmaceutical composition 
for the treatment of a disease. 

1 1 . A method of treating a disease responsive to inhibition of VEGF receptor tyrosine 
kinase or to inhibition of angiogenesis, wherein a compound of formula I or an N-oxide 
thereof, or a pharmaceutical^ acceptable salt thereof, according to claim 1 is administered 
in an amount that is effective against the mentioned disease to a warm-blooded animal 
requiring such treatment. 

12. A pharmaceutical composition which is suitable for administration to a warm-blooded 
animal suffering from a disease responsive to inhibition of angiogenesis or of VEGF 
receptor tyrosine kinase, comprising a compound of formula I or an N-oxide thereof, or a 
pharmaceutical^ acceptable salt thereof, according to claim 1 in an amount that is effective 
in inhibiting angiogenesis or VEGF receptor tyrosine kinase, together with at least one 
pharmaceutical^ acceptable carrier. 
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13. A process for the preparation of a compound of formula I according to claim 1, which 
comprises 

a) reacting a compound of formula II 


wherein r, m, A, B, D, E, G, Q and Z and the bonds indicated by wavy lines are as defined 
for a compound of formula I and L is a nucleof ugal leaving group, with a compound of 
formula III 


wherein n, R, X and Y are as defined for a compound of formula I, functional groups in the 
compounds of formula II and of formula III that are not to take part in the reaction being in 
protected form, if necessary, and removing any protecting groups that are present, wherein 
the starting compounds mentioned in process a) may also be in the form of salts where a 
salt-forming group is present and reaction in the salt form is possible; 

and, if desired, converting a resulting compound of formula I, or an N-oxide thereof, into a 
different compound of formula I or an N-oxide thereof, converting a free compound of 
formula I, or an N-oxide thereof, into a salt, converting a resulting salt of a compound of 
formula I, or of an N-oxide thereof, into the free compound or into a different salt, and/or 
separating a mixture of isomeric compounds of formula I, or its N-oxide, into the individual 
isomers. 


L 



00 


/ ^(CHR)- 
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